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PREFACE 


This book- is intended to correlate the modern ideas of bacteriology 
and immunology with the study and diagnosis of human diseases and also 
to some extent their rational modes of treatment. In the following pages, 
endeavour has been made to present in a concise, intelligible and readable 
manner such facts which every student should know before he passes from 
the pre-clinieal or early clinical period to the study of the various practical 
branches of medicine, surgery and obstetrics. The subjects of bacteriology 
and immunology have made such rapid strides during the last few years and 
their literature has assumed such an enormous volume that it is impossible 
lor a general student to keep pace with this progress. It is for this reason 
that we have been careful to omit all unnecessary details and to present to 
the ahead} over-burdened students only such facts which are absolutely 
essential lor their study. 

Although this work is primarily written for advanced students preparing 
for tin d<grec ol Bachelor of Medicine and Diplomas of Public Health and 
Iropital Medicine, we liopi that it will be no less useful to tin* present 
genciation ol practitioners and laboratory workers. Unlike other text 
books <>l ha< teriologN, much more spate lias been allow ed to discuss in 
detail the various pathological processes induced by bacterial infections and 
tin* methods of their diagnosis, as it is our firm belief that without such 
discussions the study of tins important branch of science loses much of its 
interest and becomes a matter of theoretical importance. 

Modern nomenclature has been used throughout the text. But in case 
such a wholesale innovation may cause any confusion in persons not accus¬ 
tomed to the more current terminology, the latter has also been incorporated 
lor rcad\ reference. 

It is needless to emphasise the value of good illustrations in a scientific 
book of this nature and we have spared nothing to fulfil this end. Every 
one of them has been specially chosen to assist the reader to comprehend 
what he reads in the text. Most ol them have been taken from actual 
specimens and preparations which have been studied in the laboratory and 
w herever possible, coloured diagrams have been introduced to impress the 
reader. In this connection, we beg to express our grateful thanks to the 
publishers of a number of well-known books and periodicals lor their courtesy 
m granting permission to use some illustrations from their works. All these 
have been fully acknowledged in the text. 

This book will be found to be a new departure as wc have not included 
some sections on Parasitology and Mycology in the text. This has been 
done on purpose as we are definitely of opinion that such an admixture 
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is not a very happy one because it only tends to foster a haphazard study 
of these subjects which in the tropics should be taken up separately. 

All recent works on the subject have been freely consulted in order to 
maintain a uniform and up-to-date standard. In the general arrangement 
of the text, we have followed the line adopted In the Medical Research 
Council of England. Every emphasis has, however, been laid on mam- 
important features which are of special interest to the students and practi¬ 
tioners of the tropics. 

We are particularly indebted to Dr. I). M. Chatterjee for his assis¬ 
tance in reading and correcting the proof sheets and also to the members 
of the stall* of the Department of Pathology, Medical College, Calcutta, for 
their ungrudging help, suggestions and co-operation. 

Indebtedness is also expressed to Capt. C. L. Pasricha, I.M.S., Pro¬ 
fessor of Bacteriology, Calcutta School o! Tropical Medicine and Hygiene, 
for his assistance in preparing the illustrations on Plague, to Dr. B. P. 
Tribedi and Dr. S. C. Chandra for their assistance in preparing the sections 
on serological methods, to Dr. J. L. Dawn for his assistance in preparing 
the section on water bacteriology, to Mr. P. C hatterjee, K.R.C.S., lor lending 
illustrations on carbuncle and facial cellulitis and to Dr. K. B. Ghosh for the 
skiagram of apical tooth abscess. 

We arc indebted to Mr. Susil Bhattacharxa for the original drawings 
and photographs and to Mr. L. E. Lane of the Statesman, Ltd., for his 
masterlv wav of preparing the blocks for illustrations in the text. 

We also express our deep appreciation of the highly efficient, 
painstaking and prompt assistance rendered by Mr. M. S. Scurtah of the 
Statesman, Ltd., without whose valuable suggestions and co-operation, it 
would not have been possible to publish the book in its present form. 


Calcutta. 
August, 1935. 


M. N. DE. 

K. 1). CHATTERJEE. 



FOREWORD 


Dr. M. N. De and Dr. K. D. Chatterjee have asked me to 
write a short foreword to this admirable volume. 1 have had the 
pleasure of knowing Dr. De and his work for the past fifteen 
years ; he is a most conscientious and capable worker, and an 
admirable teacher and professor, popular with his students, and 
most painstaking in his work. 

The book is admirably written. It is sufficient and contains 
a wealth of information, yet is not overloaded. A special feature 
of the work is that almost as much pathology as bacteriology is 
incorporated in it. 1 he illustrations are of special value, and 
above all, the splendid colour plates, most of which are original. 
Much recent work in both bacteriology and pathology has been 
included, which is omitted from older and smaller textbooks. 
Finally, the style of publication is far and above the usual standard 
of Indian publications and the Statesman is to be warmly 
congratulated on this. 

One agrees with the authors that it is better in such a work 
not to include the subject of parasitology ; it is now so vast that it 
is better dealt with in separate publications. Throughout the 
book the teaching pays special attention to tropical conditions and 
tropical diseases. 

The authors are to be congratulated on the production of a 
work which will appeal to the medical student, the post-graduate 
student and the laboratory worker alike. One wishes the book 
the success that it so richly deserves. 


R. KNOWLES, 

C.I.E., Lt.-Colonel, I.M.S. 


Calcutta School of Tropical Medicine. 
12th August, 1935. 
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MEDICAL BACTERIOLOGY 

CHAPTER I 

INTRODUCTION 


Bacteria are minute unicellular vegetable organisms devoid of 
chlorophyll. They multiply by simple transverse division or fission; hence 
called Schizomycetes or fission fungi (Gr. Schizcin , to cleave; myketes, 
mushrooms or fungi). The systematic position of bacteria is shown in the 
following table. 


Plant kingdom 


Cryptogams (flowerless plants) 


Thallophyta (no distinction between 
stem, root and leaves). 


Algae (with Lichens Fungi (without chlorophyll) 

chlorophyll) (symbiosis between 

algae and fungi) 


v Schizomycetes 
(reproduction 
by fission) 


Blastomycetes 
(reproduction 
by budding) 
e.g. Yeasts 


Hyphomycetes 
(reproduction 
by spores) 
e.g. Moulds 
(Oidia) 


The study of Hyphomycetes and Blastomycetes comprises the science of 
MYCOLOGY whereas the study of Schizomycetes comprises the science of 
BACTERIOLOGY. 
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CLASSIFICATION OF BACTERIA OR SCHIZOMYCETES 


For practical purposes the bacteria may be divided in the following 
way: — 

Bacteria (Schizomyceles) 


Higher bacteria 

Actinomyces (Streptothrix) 
e.g. Actinomyces madune 
Actinomvces bovis 


Lower bacteria 

(i) Cocci 

(j) Bacilli 

(3) Spirilla; 

(a) Vibrios 

(b) Spirilhe 

(c) Spirocluetes 

Filter-passing viruses: —Apart from till' above group of living organisms 
there still remains a considerable number, which owing t<> their minute si/e 
are either beyond the limits ol visibility or barely \isible with the highest 
magnifications of the microscope. lienee such organisms are often termed 
ultra-microscopic viruses. These organisms, due- to their small size or 
plasticity, are* able to pass through the pores ol a porcelain filter and when 
such a filtrate is injected into a susceptible animal, it will produce disease, 
proving thereby that the infec ting agent is a filte r-passing \irus. 


MORPHOLOGICAL STUDY OF SCHIZOMYCETES 

(BACTERIA ) 


SHAPE: —The bacteria differ in their shape* from one another and can be- 
divided into 3 main groups. 


(1) Cocci: —These are dot-shaped organisms 
and are* more or le*ss spheroidal or rounded in 
shape, their longitudinal and transverse* dia¬ 
meters are almost equal. (Fig. ta). 

( 2 ) Bacilli: —These are often called rod¬ 
shaped organisms but truly speaking, they are 
cylindrical and the* longitudinal axis is at least 
twice their transverse diameter (Fig. ib). 

(3) Spirillce: —The organisms are bent and 
twisted either forming (a) a single c urve when 
it is called a vibrio (Fig. ic) or (b) a series of 
curves when it is called a spirillum (Fig. id) or 
spirochaetc (Fig. le), the difference between 
the two, however, depending on the rigidity or 
flexibility of the curves. 

SIZE: —Bacteria are all very minute organ¬ 
isms; they vary much in size and the average 
diameter of cocci may be taken as 1 micron. A 
micron (/*) is lT * 0 of a millimetre or ^ 00 



b 



e 



d 


WAAAA f 

Fig. 1. 

Various* shapes of bacteria. 

a. spherical (coccus); b, 
cylindrical (bacillus); o. 
curved like a comma (vibrio); 
(1-c, a scries of curves td, 
spirillum • e, spirochcete). 
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of an inch. I he average measurement of bacilli may be taken as 2 to 4 jti in 
length and about 1 /a in breadth. Of the common pathogenic bacilli, the 
bacillus of influenza is a very small one and measures about 0.75 n in length 
by 0.2 n in thickness. '1 he largest bacillus recorded is B. butschlii of Schau- 
din (50 to 80 ft long and 4 to 5 p wide). 'I he spore-bearing bacilli are, as a 
rule, somewhat larger in size. The spirilla; are usually much longer. 

ARRANGEMENT: —T his mainly depends on the method of division. 

Cocci :—According to the nature of division in successive planes the 
following arrangements are possible: — 

(1) l)i vision taking place in one plane only: — 

(a) It may form a chain e.g. Streptococcus (Fig. 2a) or (b) it 
may be grouped in pairs (Diplococcus) e.g. Diplococcus 
pneumonia* (Pneumococcus) Fig. 2b, Neisseria gonorrhoea 
(Gonococcus) Fig. 2c, Neisseria meningitidis (Meningococcus) 
Fig. 2d, Neisseria catarrhalis (M. catarrhalis) Fig. 2c, etc. 

(2) Division taking place in two planes at right angles to each other 
(Tctracoccus) e.g. Galfkya tetragena (M. tetragenus) (Fig. 2f). 

(3) Division taking place in three planes forming cubes e.g. Sarcina 
ventriculi (Fig. 2g). 

.'1 

b c- d e 




* 


f 



(4) 


a. 

lb, 

e, 

g. 


Fig. 2. 

Arrangement of cocci. 


cocci in chains 
I). pneumonia*: c 
N. catarrhalis); 
cocci in cubes 


(Streptococcus) : b-e, cocci iu pairs 
.. x. gonorrhoea?; d. N. meningitidis; 
f, cocci in tetrads (G. tetragena); 

(Sarcina); h, cocci in groups 
(Staphylococcus). 


Division occurring in any plane forming groups or bunches e.g. 
Staphylococcus (Fig. 2h). 
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Bacilli: —Most of the bacilli arc arranged singly (Fig. 3a). 

They may, however, (a) form chains (Strcptobaeillus) e.g. B. anthracis 



<.'J > * 


a 


vw 


/> 


Fig. 3. 

Arrangement of bacilli, 
a, bacilli arranged singly (E. 
dyscnteriap): b. bacilli in chain.- 
(B. anthracis); c, bacilli in pairs 
(K. pneumoniae). 


Fig. 4. 

Arrangement of spirillee. 
a, vibrios; b. spirilla*; c, spirochaptes. 


(Fig. 3b), B. subtilis or (b) grouped in pairs (l)iplobacillus) e.g. Klebsiella 
pneumonia? (Friedlander’s pneumobaeillus) Fig. 3c, Hiemophilus conjuncti- 
vitidis (Koch-Wecks bacillus), Hiemophilus lacunatus (Morax-Axcnteld 
bacillus). 


Spirillce: —These art* arranged singly (Fig. 4a, b \ c). 

INTERNAL STRUCTURE: —This may be studied in two ways. 

(i) In unstained condition , bacteria appear as transparent, colour¬ 
less, retractile and apparently homogeneous bodies. 

(ii) In fixed and stained condition , the internal strut-tun* can be 
more definitely studied, as the different constituents of the bacterial body 
have varying affinities for different dyes employed in the staining; it thus 
serves as a sort ol micro-chemical test. Moreover, different kinds of bacteria 
may show differences in their general staining reaction which may be applied 
practically as a diagnostic help and as a useful guide to their classification. 

Bacteria consist mainly of a mass of protoplasm, surrounded by a 
delicate cell-membrane. The internal structure comprises, (a) nuclear 
apparatus and (b) intra-cellular granules. 

(a) Nuclear apparatus: —Regarding the presence of a nucleus in 
bacterial cells, the follow ing different view s are held : — 

i. That the entire bacterial body consists of nuclear material 
( Zettnow ). 

ii. That there is a definite nucleus and the nuclear material is con¬ 
centrated inside the endoplasm. 

iii. That inside the endoplasm, there is a reticular network, between 
the meshes of which lie granules of chromophilic nature (Butschli). 
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Thus, according to this view, the nuclear granules are scattered 
throughout the cytoplasmic network (Fig. 5). 

Note: 1 he consensus of opinion about the presence 

of nuclear material is, that it is present in some form or 
other inside the bacterial body. 

(bj Intra-cellular granules: —In some instances, 
inside the bacterial body e.g. in Corynebacterium 
diphtheria*, there are present granules which have a 
strong affinity for nuclear stains. These are called 
Fig. 5 . volutin or metachromutic granules. They are also known 

Disposition of t lie as Babes-Ernst granules , alter the name of their dis- 
sh 1*** h °harlnary coverers. I hese form no essential part of the living con- 
stituents of the cell; they are only “metaplasmatic granu¬ 
les, particles of some substance concerned in cell metabolism.” They con¬ 
tain a high proportion of nucleoprotein. Their number and size vary accord¬ 
ing to the medium in which the organisms grow. They take no part in 
cell division or sporulation. 

SPORES (ENDOSPORES): —I 'his was first studied in detail by Koch 
(1876) in the case of Bacillus anihracis. At the very outset, a distinction 
must be made between endospores and arthrospores. Arthrospores are not 
true spores but are only degenerated and involution forms of the bacteria 
developing in cultures. They are notably seen in Corynebacterium 
diphtheria*. They are also never more resistant than the ordinary vegetative 
cells. Endospores are true spores and are always intracellular. These are 
very resistant to heat, desiccation, chemical and other deleterious agents. 



Mode of formation:— Three stages can 
be observed in the development of spores (Fig. 6a, 
b, e, d, e, f). 



First stage: —Localised accumulation of 
chromatin-like material which stains deeply with 
nuclear stains (Fig. ha, 6b). 

Second stage: —Formation of an imper¬ 
vious wall or membrane round the spore body. 
At this stage stain can not penetrate unless 
specially treated (Fig. 6c, 6d). 




Fig. 6. 

Mode of formation of en¬ 
dospores, examined in an 
unstained condition. 


Third stage:— Maturation of spores occurs when they appear, in an 
unstained specimen, as highly refractile ovoid bodies (Fig. 6c). After it is 
fully developed, the body of the bacillus disappears and the spore is left as a 
free structure (Fig. 6f). 

It should be remembered that the spore-forming bacteria belong to the 
Bacilli group and are nionosporous each forming one spore only. Spores 
are never developed while bacilli are inside the animal body, except in the 
case of anaerobic bacteria (Clostridia). 

Varieties The position of the spore in the bacterial body is usually 
constant for one and the same species. Hence it serves as an important 
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distinguishing point which can be utliscd for the differentiation of certain 
bacterial species. Thus, according to their situation within the bacterial 
bodies, spores may be termed—(a) equatorial (Fig. 7a), when they are 

situated in the central part of the bacterial body e.g. 
in B. anthracis, (t>) terminal (Fig. 7b), when they arc 
situated at one end ol the bacillary body e.g. in 
C lostridium tetani and Clostridium Botulinum or (c) 
subterminal (Fig. 7c), when they are situated 
between the centre and the end ol the bacillus e.g. 
in Clostridium sporogencs. 

The shape of the spore may be spherical, oval 
or ellipsoidal. The diameter ot a mature spun* is 
often larger than that ol the bacillary body which 
contains it. lienee the cell is distorted and accord¬ 
ing to the shape ot spore and its situation in the 
bacterial bodv, various forms are presented which 
are often characteristic ot a particular organism, 
rims the bacteria may show the appearance ol 

Drum-stick when the spores are spherical and 
terminal e.g. Cl. tetani; 

I'etniis-rachct —when the spores are o\al and terminal e.g. Cl. tertium; 

Cluh-shapcil —when the spores are o\al and subterminal e.g. Cl. sporo- 
gencs; 

Barrel or spimlle-shapeJ— when the spores are equatorial and oval 01 
ellipsoidal e.g. Cl. bifermentans and B. anthracis. 

Purpose Of spore formation:—~h is simply a resting Stage of the 
bacterial cell in which it is iar more resistant to adverse environmental con¬ 
ditions than it is in the ordinary vegetative lorm. I he process is analogous 
to encyst ment and it is a protective mechanism for the safetv ol the species 
against the injurious effects of heat, light, (Irving, chemicals, want ol food 
and oxygen and change in the reaction ol the medium in which it grows. 
Its resistance is enormous as is shown in the following table:_ 

RESISTANCE OF B. A MURK IS 


a 




c 


Fig. 7. 

Situation of 
endospores. 

a, equatorial or central 
spore (B. anthracis*; 

b, terminal spore <(' 1. 
tetani 1 ; e. subterminal 

spore. 




10 per cent, phenol 
50 per cent, phenol 
Steam and boiling 


Veoktativk Forms 

Killed in 20 minutes. 
Killed at once. 

Killed at once. 


Scores 

Resistant. 

Killed in 20 minutes 

Killed in 10 to 12 
minutes. 
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The great resistance* of spores is probably clue to the following: — 

(i) Presence* of a thick and very resistant cell-membrane, 

» (ii) Low water content —This enables them to resist a high tempera¬ 
ture, as the lower the water content of a solution of albumin, the 
greater is the temperature necessary to coagulate it. 

Germination of spores: --When placed under favourable conditions 
cd temperature, moisture and nutrition, spores develop into vegetative forms. 
Ibis may take place with or without rupture and shedding of the spore- 
en\elope. 1 be- commonest method of germina¬ 
tion is with rupture and shedding. The process 
consists ot an elongation ol the- spore-bodv 
with loss ol the* lugliK re trac tile character and 
resisting power. Man, there on urs a rupture 
of the wall and the bacillus slips out, leaving 
the emptv spoie c apside. Such rupture of the 
wall and slipping out of the bac illus may take 
pia« c in one ot the two ua\s. Thus when it 
occurs at tlic centre, it is called ci/rru/or/ij/ g enninatiou (Fig. 8a) and 
when it ore urs at one «»t its poles, it is railed pilin’ germimititni (Fig. 8b). 

Staining reactions: Spe c ial stains are necessary for demonstration 

Practical application of the knowledge of spore formation :— 

I In knowledge ot the various properties ot the spores desc ribed above is very 
important in pi.cfnn! lilt . We, as medical men, have frequently to deal 
with inlective lesions caused In such spore-bearing organisms as Cl. tetani, 
B. antbrac is and organisms ol gas-gangrene. During such occasions, we 
should be \e is t art ful to handle them and to take all possible care to dispose 
ot all the intcctrel materials piopcrh not only for our own safety, but also to 
prevent tin spread ot the contagion to others. All articles, such as 
instruments, dressings, beddings, wearing apparels, etc. should never be 
used again unless tullv stcrili/ed In high pressure steam sterilisers. If 
possible, then should all he sc raped otf and burnt. In a crowded hospital, 
the clanger of injudicious disposal of materials suspec ted to contain spores is 
vein gnat indeed and it is lor this reason that these cases should always be 
segregated and all articles used for them be kept separate. In dressing 
them, rubber gloves should be used and the latter should be thoroughly 
ste rilised In prolonged boiling and subsequently kept immersed in a solution 
(r in ickm») ol bichloride of mercury. After finishing the case, they should 
be (lestroved. 

When a cattle is suspected to have died of anthrax infection, it should 
either be incinerated or buried underground with sufficient amount of quick¬ 
lime, coveting it all round. 

CAPSULES: Under certain conditions, many bacteria may develop a 
definite outer envelope to the bacterial body which is called a copsule . By 
the ordinary methods of staining, the capsule usually appears as a clear un- 


a 


Fig. 8. 

Uermination of spores, 
equatorial germination ; b, 
polar germination. 
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stained zone, surrounding the bacterial cell. The capsules can however be 
seen when stained, after suitable fixing* and mordanting. It is said to be 
formed as a result of an alteration in the outer layer of the cell-wall, which 
produces a marked thickening and change in consistency. Thus, it appears 
to be surrounded by a mucilaginous envelope appearing as a halo round the 
bacteria (Fig. 9). 



Fig. 0. 

Capsujes of I), pneumonia* appearing an an uretained 
halo, in a smear preparation of pu» from a mat* of 
empyema thoran- 


Nature Meyer and Zellmeiv have pointed out that the capsular 
substance is an active secretion. 1 he\ have also demonstrated that when 
bacteria arc tfrmvn in a medium containing a particular . ai boln dratc, 
marked capsulc-formatiim will take place. Hen. it ( »p, . that a capsule 
does not lorm an essential part m the an liitcetmc ol >a. tenal cell, Imt 
ma\ be regarded as a result ol the vital response to ett\ironmental 
requirements. Capsulatcd or nou-capsiilatcd means the readiness 01 
frequency with which this reaction to e in ironrient takes place. 


Capacity for capsule formation: Ml ha. t.-iia nun torn, capsules 

m variable- decrees hut they an- un, quail; develop,, I in di.le-re-n. sp„ ,es. anel 
^yhireren, eirentmstanee-s. The bacteria which exhibit mark,-,I capsule 
(Fr^d aTi 3 "- P WT 1 ,S (Ft'eumoeoei as,, Klebsiella pneumotme 

n r I . . " r ' SI " ' lortni-.! insj.j, t |„. ...j.l ,« H I\ I hr. ore 

S, «uiS " ..... «*.- rn*. or, ... „i,l, 


ro bftK -W™ 

protects it from the deslruoiiy,. »' 

1 tin blood and tissues of the host. 
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Hence this capsular equipment enables the germ to multiply rapidly in the 
tissues of the animal host producing serious effects. 

Staining reactions: —Special stains are necessary for 
the demonstration of capsules (Page 26.) 

FLAGELLA: — These are long contractile hair-like pro¬ 
cesses arranged in various ways round the bacterial body. 
They are very slender but much longer than the bacterial 
cells. The organisms possessing flagella belong mostly to 
the bacilli and spirilla* group. Cocci and spirochaetes do not 
exhibit any flagella. 

Nature: —'They are not demonstrable by ordinary 
methods of staining but require special methods for their 
studv. When rendered visible by such methods, they are 
found to be delicate elongations of the protoplasm of the 
bacterial bodies. I he central portion of the flagellar thread 
appears to pass through the cell membrane and is in direct 
communication with the cytoplasm, and possibly with a 
granule ot chromatin (h ig. 10); this being comparable to the 
blcpharoplast of the flagellated parasites. 

Disposition and arrangement: —Bacteria may be 
classified according to the arrangement of their flagella in the 
following \\a\*:-~ 

1. .f triihatt' possessing no flagella 
e.g. Kherthclla dwnleria- (B. dw*n- 
teri.ee 

2. \lnHfitrichiite — possessing one flag¬ 
ellum at one pole onl\, a vmgle terminal 
flagellum {Fig. 11 a! e.g. Vibrio comma 

( V . 1 hole! ;»•). 

.•1 mphil nt hittr — possessing one 

flagellum at each pole (I*ig. lib). 

4. 1 ,nphi*trichate possessing a bunch 
of flagella at one or both pules (Fig. lid 
e.g. Spit ilium minus of rat-bite fever. 

5. /Yri/riV hate- the flagella are 
arranged indiscriminately all round the 
bacterial cell, multiple peripheral flagella 
(big. ttd) e.g. in Kberthella typhi (B. 
tNphosns), Escherichia coli (B. coli), 
t lostridium tetani (B. tetanus), Clostri¬ 
dium Botulinum (B. botulinus), etc. 

Note: —It should be remembered that 
only one type of arrangement and dis¬ 
position of the flagella is possible for an\ 



Fig. 11. 

^position and arrangement of 
flagella. 

i, monotrichate (V. comma); b, 
unphitrichate; c, lophotrichate (Sp. 

. A waritrioh At#» (E. typlli). 



Fig. 10. 

Relation of 
flaiO'IStiru to 
ban Mary 
body. 
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one type of organism and it always remains constant tor Dial particular 
species. For example, all the strains of Fberthella typlu exlnlnt only the 
peritrichate arrangement of their llagella and no other variation Irom this is 
possible. 


Chemical composition: —b lam¬ 
ella differ from baeterinl cells in 
chemical composition. I hey produce 
a special group of agglutinin which 
is thermolabilc as opposed to somatic 
or bodv agglutinin which is thermos¬ 
table. This will be described in 
detail under the chapter on agglu¬ 
tinins. 
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Purpose: —The flagella give to 
tin* organisms their power of locomo¬ 
tion in a lluid medium. Bacterial 
motility which is due to the presence 
of these flagella, can be studied by 
moist ('over-glass or hanging-drop 
preparations. In this connection, one 
should note the difference between 
true motility (the organism ( hanging 
its position in the field), Brownian movement (a to-and-fm oscillation ot the 
organism) and movement due to the < urrent ot a fluid (all bacteria an s en to 
move in one direction). 

Staining reactions: —Special 

stains an no es>ar\ lot the demon¬ 
stration ut flagella | Page ;ui. 

INVOLUTION FORMS:— These 

are !re<|Uentl\ found in old cultures. 
Some of them are very t\ picul ot 
the bacterial species in whit h tlu v 
incur. 1 h< se represent the degen¬ 
erative and distorted lurms ot the 
organisms and thev appear as the 
Miltures grow old and the environ¬ 
mental tonditions be* otne unfavour¬ 
able. 1 he tvpical examples are, 
( orynehai terium diphtheria* t B. 
diphtheria ), pestis ( B. 

pestis; Bacillus of plague) and 
Neisseria meningitidis (Meuingococ- 
cus) (figs. 1 2 , i; and i .41. Some- 
t,mts in Kberthella tvplii ,ng 
fflaments resembling fungus may appear. I la se filamentous forms ate not 
involution forms but art- dm- to ,|<1 ; in ,,.|| division and sub 
separation. 
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Fig. 14. 

ln\ohition fni'iu*. Normal form*. 
N1 iu meningitidis. 


REPRODUCTION :—B a c t e r i a 

multiply usually by simple binary 
fission and such division is known 
as asexual multiplication. In the 
presence of a liberal food supply 
and other conditions for growth 
being’ satisfactory, the organisms in¬ 
crease in size and become mature. 
A constriction appears in the middle 
of the bacterial body and ultimately 
each cell divides into two daughter 
cells. The new individuals may 
separate almost immediately or may 
remain in contac t for a longer or 
shorter period, depending on the 
character of their cell envelopes. In 
coccal forms, division occurs in any 
diame ter, but in bacillary and spiral 


hums, tin- division alvvavs occur in the 
transverse diameter, i.r. at right angles to 
tin it long axies. 1 In bacteria multiply with 
such an enormous rapidity that a single 
individual ma\, in j j hours, give rise to 
mote than 15 millions ot organisms. 

Formation of Cell-groups: -Mur 

division, the- daughter » ells mav at once 
separate or remain attached to one another 
for a variable period forming little* groups, 
lire* h»rms ot these evil-aggregates will 
depend on the planes in which successive 
divisions take place and also the* number ot 
cell divisions taking place hctorc separa¬ 
tion. Such groupings are very character¬ 
istic ot particular species ot bateria and 
allot d a valuable guide in their identihea- 
tmi). As in Cocci the- division takes place 
in anv plane, whereas in Bacilli and 
Spirilla* the division takes place only in the 
transverse diameter, the tormer show laigcr 
varb tv of groupings than the latter. 

Types of Cell-aggregates:— 

(a) Coccal forms: 

(1) W hen division occurs in such a wa\ 
that the daughter cells remain attached 
to each other for a short period, the 
bacterium in question may be termed a 
Diplococt us (Fig. 15a). 




Fig. 15. 

Planes of division and resulting 
cell-aggregates. 

a A g. in on* 1 plane (Diplococcus 
ami Oiplobacillnsi; d, ill two 
planes at right angles to each 
other <Tetraeoceus>: e. in three 
planes at right angles to one 
another (Sureimi): b, in succes¬ 
sive planes irregularly (Staphy¬ 
lococcus I ; c & f. in successive 
planes parallel to one another 
1 Streptococcus and Strepto- 
lacillus) ; h, C. diptheriae (L or 
V forms). 


12 


MORPHOLOGICAL STUDY OF BACTERIA 


(2) When an* organism divides rapidly and successively in any plane 
without immediate separation of the daughter cells, it forms an irregular 
colony which may be compared to a bunch of grapes. Such an organism is 
called Staphylococcus (Fig. 15b & 16a). 

(3) When the bacterium divides in planes parallel to one another and 
the daughter cells do not separate after division, it produces the appearance 
of a chain of beads and is then referred to as Streptococc us (Figs. 15c if»b). 

(4) In some cases, the cells remain attached while two divisions occur, 
the second at right angles to the first, forming a group of 4 coc c i and this 
is described as Tetracoccus. (Figs. 13d cV 16c). 

(5) When the organism divides in three planes, each of which is at 
right angles to the other two, the daughter cells remaining united during 
successive divisions, it produces a typical cell-aggregate consisting of S coc c i 
which may be compared to cubical bloc ks or pac kets. Suc h an organism may 
be designated as a Sarcina (Figs. 15c iV ifxlj. 
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Fig. 16 . 

Ktaget* in the cell division. 

Slr ?f ,)tococ ,';' ua; «• T.-trarocc„., d. Sami,.; r. H. tuthra- 
CIS, t, C. diphtheria* <L or V form* and Chinese tetter arrangement). 


(b) Bacillary forms: —me only possibility ill these cases is the 
adherence of two or more cells in pairs (Diploba. illus) or in chains 
(Streptobacillus). The following are the typical examples: — 

B. s^btinf'shorreha'ins^"' & a "' hra<is ^ cha!ns > and 


one, ° f K Di P l0bacdlus ( F «- 1 5 f»)—Klebsiella pneumonia- 

pneumobacillus), H.-emophilus conjunetivitidk (Koch-Week* 
Hemophilus lacunatus (Morax-Axenfeld bacillus). 


(FriedUinder’s 
bacillus) and 
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In Corynebacterium diphtheria 1 , the daughter cells after division remain 
attached to one side of the body (Figs. 15 I 1 & i 6 f). It acts as a hinge on 
which the daughter cells swing and come to lie in varying angles producing 
L or V forms and further division occurs when they arc in the above position. 
This asymmetrical division gives rise to “Chinese-letter” arrangement. 

(c) Spiral forms: —No characteristic cell-groupings are seen with 
this type of bacteria. Sometimes the two daughter cells may be found to 
remain attached end to end. 'This may explain the appearance of S-fortns in 
V. comma. 



CHAPTER II 


STAINING REACTIONS 

Bacteria are composed of a highly refractile protoplasm, and unless 
special methods of illumination, such as dark-ground illumination, is 
employed, they cannot he seen in an unstained condition, ft is for this 
reason that stains are necessary to demonstrate the morphological structure 
of a bacterium. The most commonly employed bacterial stains are basic 
aniline dyes. Some bacteria take this stain readily, while others require the 
use of a morcjjjnt, weak_a]kalis or prolonged heating which increases the 
penetrating power of the stain. They also differ in their staining affinities, 
which enables us to differentiate one organism from others. Thus staining is 
ot importance not only for the recognition of bacteria but also for their 
classification. The following stains are commonly used. 

1. Ordinary aniline stains :—These are single colour stains and are 
employed for the quick diagnosis of the morphology of bacteria. 

2. Differential stains: —These arc more of the nature of micro¬ 
chemical tests than methods of demonstrating structure. The two common 
examples arc:—(a) Gram’s stain and (b) Acid-fast stain. 

3. Special stains: —These are used for the demonstration of 
capsules, flagella and endospores of bacteria and of metachromatic granules 
of Coryncbacterium diphtheria 4 . 

4. Compound stains: —These are mixed dyes or compounds formed 
by the interaction of two or more dyes. The most commonly employed 
stain under this group is one originally introduced by Romanowsky. 
The various modifications of Romanowsky’s stain an* (a) 1 irishman's Stain, 
(b) Wright's Stain, (c) Gicmsa’s Stain and (cl) Joiner’s Stain. 

5. Vital stain: —This is a method by means of which a dye 
substance is applied to cells or tissues while still in the living state. Two 
types of vital staining are known:— (/;) Intra-vilam , when the dye-stuff 
is injected into the living animal and (h) Supra-vinnn , when portions of living 
tissues are brought in contact with the dyes outside the body. 

ORDINARY ANILINE STAINS . 

Most bacteria take this stain. 'These stains are derived from aniline 
which is a coal-tar product and they comprise the following: — 

(i) Basic aniline dyes: —These have affinity for nuclear material 
and are suitable for staining bacteria. They include the following: — 

Violet stains—Crystal violet, gentian violet, methyl violet . 

* Blue stains—Methylene blue, toluidin blue, ihionin. 

Red stains—Basic fuchsin, safjranin. 

Brown stains—Bismarck brown, chrysoidin . 
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(ii) Acid aniline dyes: —I hcse stain the* cytoplasm and arc not suitable 
for bacteria. I hey are used in bacteriology for the purpose of counter- 
staining and include cosui, acid fuchsin, picric acid, brilliant green, conga 
red, etc . 


Different bacteria stain in different ways and certain bacteria exhibit 
characteristic* reactions which enable them to be identified. Thus, the 
bacteria may behave in one of the following ways: — 

(1) Uniform staining (Kig. 17)—The whole bacterial body is uni¬ 
formly coloured, e.g., organisms of the coli-typhoid group. 

(2) Polar staining (Fig. iK)—Only the ends of the bacilli arc coloured, 
the central portions remaining almost colourless, e.g., Pastcurclla pestis (B. 
pest is) and I hemophilus influenza: (B. influenza). 
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Fig. 17. 

1., (tyx'iitma* showing uniform Gaining. 


Fig. 18. 

I*, pr&tib showing polar staining. 
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Fig. 19. 

0. diphtheria showing metachromatic 
staining. 


Fig. 90. v*' 

M. tuberculosis showing beaded or granular 
staining. 
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(3) Metachromatic stain (Fig. 19)—The bacilli stain irregularly owing 
to the presence of certain granules which have much more affinity for the 
stain, c.g., Corynebacterium diphtheriae. 

(4) Granular stain showing beaded appearance (Fig. 20)—'Hu* 
bacilli stain unevenly throughout their lengths, so that beaded forms occur. 
The cause of such irregular staining is not due to the presence of 
metachromatic granules which arc absent in this ease. It is due to unequal 
distribution, throughout the cells, of those constituents of the cytoplasm 
which take up the stain, e.g., Mycobacterium tuberculosis (B. tuberculosis). 


DIFFERENTIAL STAINS 

I. GRAM’S STAIN 

Reagents required :— 

(1) For actual stain: —Any form of violet stain, either methyl violet, 
gentian violet or crystal violet may be used. 


Methyl violet :— 



Methyl violet 


... o‘5 to 1 gram 

Distilled water ... 

Filter. 

100 c.c. 


(2) For mordanting: —Iodine solution is employed and is prepared as 
follows: — 


Iodine ... ... ... 1 gram. 

Potassium iodide ... ... ... 2 grams. 

Distilled water ... ... ... 100 c.c. 

(Gram’s iodine is three times weaker than the above). 

(3) For decolorisation :—Absolute alcohol, acetone, or anilinc-xvlol 
may be used. 

(4) For counter-stain:— Safl'ranin, neutral red or weak carbol-fuchsin 
may be used. 


Safjranin :— 


Saffranin 

°*5 gram. 

Distilled water 

100 c.c. 

Filter. 


Neutral red :— 


Neutral red 

1 gram. 

Distilled water 

1,000 c.c. 

Acetic acid, 1 per cent 

... 2 c.c. 

Carbol-fuchsin :— 


Ziehl-Neelsen’s carbol-fuschin (P. 21) 

... 1 c.c. 

Distilled water 

... 20 c.c. 
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Technique (Jensen's modification) 

1. Preparation of the film:— A thin uniform film is absolutely essen¬ 
tial. Because, if this is uneven, i.e., thick in one part and thin in another, it 
is practically impossible to obtain a good result. When the thin parts are 
correctly treated with alcohol, the thick parts are not sufficiently decolour¬ 
ised; while again, when the thick parts are correctly treated the thin portion 
will be over-decolourised. 

2. Fixation of the film: —T he* film is dried in air and fixed by rapidly 
passing the slide, film side up, two or three times over the flame of a Bunsen 
burner holding the slide with the thumb and index finger. The slide is then 
allowed to rool. 'J he object of this fixing, is to coagulate the albuminous 
material whereby the film adheres better to the glass and thus may not be 
detached in the subsequent processes. 

Note :—A film should never be heated over the flame until it is thoroughly 
dried up, because heating a moist film will produce distortion of structure. 

3. Staining: —The slide is stained with methyl violet which may be 
filtered before use. To prevent the stain flowing over the slide, two thick 
lines may be drawn with a grease pencil, one on either side of the area to be 
stained. The stain is allowed to act for J to 1 minute. 

4. Mordanting: —The stain is washed off with iodine solution. It is 
to be remembered carefully that methyl violet should not be thrown away 
but rather displaced by flooding it off with iodine solution and, being sure 
that all the violet stain has been removed, the film is covered with the mor¬ 
dant and left for 1 to 2 minutes. 

5. Decolorisation with absolute alcohol: —The film is now treated 
with absolute alcohol, drop by drop (about 6 drops at a time). After the slide 
is rocked and rinsed with alcohol for a few seconds, it is poured off and 
replaced by fresh alcohol and the whole washing process is thus repeated 
several times until the violet colour ceases to come off. 

f>. Counter-staining: —The film is then counter-stained with saffranin 
solution for 1 to 2 minutes. 

7. Washing: —The slide is then washed in tap water and dried in air 
or between blotting papers. It is then ready for examination under oil- 
immersion lens. 

Note :—Washing is not done until the completion of (6). 

Precautions against failures :— 

(i) Accurate timing* and for this a watch is essential. 

(ii) Undivided attention should be paid. 

(iii) One slide only should be stained at a time. 

(iv) Film must be thin and uniform. 

(v) Methyl violet should always be filtered. 

(vi) Careful washing with iodine solution should be done. 

(vii) Judicious use of alcohol for decolorisation. 

. (viii) Tap water should be used last of all. 
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Principle of the stain: —When an organism is stained with the violet 
stain and is subsequently treated with iodine solution, the latter increases the 
colouring affinity of the stain to the micro-organism. Under such a condition, 
certain organisms resist subsequent decolonisation with alcohol, whereas 
others can not. The organisms which resist decolonisation and therefore 
retain the violet stain are termed Gram-positive. The organisms which arc 
decolourised and therefore cannot retain the violet stain are termed Gram- 
negative. These latter have to be shown up in a preparation by a contrast 
counter-stain such as weak carbol-fuchsin, neutral red or satTranin. Thus 
the method divides all bacteria into two classes (i) Gram-positive and (ii) 
Gram-negative. 



Fig. 21. 


Smear preparation of pus stained by (jram’s method, showing the 
Gram-positive charrcter (violet colour) of Streptococci and 
Staphylococci and Gramnegative character (pink colour) of pus 

cells. 


Reasons for the retention of the violet stain by the Gram-positive 
organisms:— 

1. Physical theory l —It is supposed to be due to the difference in the 
permeability of the cell membrane of different micro-organisms. 

2. Chemical theory ;—Gram-positiveness is due to the presence of 
some particular chemical compound, probably a neucleoprotein. 
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3 • Intermediate theory 1 —A compound formed by the interaction of 
the iodine and a constituent of the dye (violet) is firmly linked to.the bacterial 
protoplasm imparting to it, its Gram-positiveness. The colour is therefore 
not removed by subsequent treatment with alcohol. But in the negative ones, 
it is readily decolourised. 

Appearances with Grant’s stain: —Gram-positive organisms and 
fibrin are stained a deep violet colour. Gram-negative organisms, pus cells 
and tissue cells are stained pink with the counter-stain. (Fig. 21). 

Examples: — Prat ti('ally all pathogenic cocci are Gram-positive except 
the Neisseria group (X. gonorrhoeas, X. meningitidis, N. catarrhalis, etc.). 
All pathogenic bacilli are Gram-negative except the Spore-bearing, Acid-fast 
and Diphtheria groups. 


TABLE SHOWING THE REACTIONS OF IMPORTANT 
BACTERIA TO GRAMS STAIN 
COCCI 


Gram-positive 

Streptococci 

Staphylococci 

Diplococcus pneumonia* (Pneumo¬ 
coccus) 

GatTkya tetragena (Micrococcus 
tetragenus) 

S a rein a* 


Gram-negative 

Neisseria group e.g., 

X. gonorrhoeas (Gonococcus) 

X. meningitidis (Meningococcus) 
X. catarrhalis (Micrococcus 
catarrhalis), etc. 


BACILLI 


Acid-tast group (Mycobacterium), 

r.g. 

M. tuberculosis (B. tuberculosis) 
M. leprse (B. lepra*) 

M. smegmatis (B. smegma) 
etc. 


C'oli-tvphoid-dvsenteriae group: 
Kberthella group, e.g. 

E. typhi (B. typhosus) 

E. dysentcria? (B. dysenteriae, 
Shiga) 

E. paradysenteria? (B. dysenteriae, 
Flexner, Strong and Y) 


Diphtheria group (C'orynebacterium), 

G. diphtheria (B. diphtheria) 

C. bofmani (B. hofmani) 

C. xerosis (B. xerosis) 
etc. 

Spore-bearing group 
Aerobic (Bacillacse), e.g. 

B. anthracis 
B. subtilis 


Escherichia group, e.g. 

E. coli (B. coli communis) 
etc. 


Salmonella group, e.g. 

S. paratyphi (B. paratyphosus A) 
S. schottmulleri (B. paratypho¬ 
sus B) 


etc. 
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BACILLI 

Gram-positive 

Anaerobic (Clostridia), e.g. 

Cl. tetani (B. tetanus) 

Cl. botulinum (B. botulinus) 

Cl. welchii (B. welchii) 

Cl. sporogenes (B. sporogenes) 
etc. 


(Continued) 

Gram-negative 

S. sertrycke (B. aertrveke) 

S. enteritidis (B. enteritidis, 
Gartner) 

S. morgani (B. morgan No. i) 
etc. 


Pastcurella group, e.g. 

P. pestis (B. pestis) 
etc. 

Pfeifferella group, e.g. 

Pf. mallei (B. mallei; Glanders 
bacillus) 

Haemophilic group, e.g. 

H. influenzae (B. influenza, 
Pfeiffer’s bacillus) 

H. pertussis (B. pertussis; Bor- 
det-( icngou-barillus of whoop¬ 
ing cough) 

H. conjunctivitidis (Koch-Weeks 
bacillus of acute infectious con¬ 
junctivitis) 

H. lacunattls (Morax-Axenfeld 
bacillus of subacute infectious 
conjunctivitis or angular con¬ 
junctivitis) 

H. ducrevii (Ducrey’s bacillus of 
soft chancre) 

Klebsiella group, e.g. 

K. pneumonia* (Friedlander’s 
pneumobacillus) 
etc. 

Dialister pneumosintes (Bacterium 
pneumosintes) 

Brucella melitensis (B. melitensis; 
Alkaligenes melitensis; or bacil¬ 
lus of Malta fever) 

Pseudomonas ceruginosa (B. pyocy- 
aneus) 
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Vibrio, e.g. 

V. comma (V. cholerae), etc. 

Spirochaites, e.g. 

Treponema recurrentis 
Treponema pallidum 
Leptospira ictero-hsemorrhagica 
etc. 


II. acid-fast stain 

Certain bacteria possess the characteristic property of retaining the red 
colour ol luchsin stain after treatment with dilute mineral acids. Hence they 
are termed “Acid-fast." 

Examples:— 

A. Pathogenic to man. 

1. Mycobacterium tuberculosis (B. tuberculosis). 

2. Mycobacterium lepra (B. lepra?). 

B. Non-pathogenic to man ( Saprophytes ). 

3* Myc obacterium smegmatis (B. smegma). 

4. Mycobacterium butwicum (The Petri-Rabinowitsch butter 

bacillus). 

5. Mycobacterium phlopi (Moeller’s timothy-grass bacillus). 

Reagents required :— 

(1) For the actual stain:— Ziehl-Neelsen’s carbol-fuchsin is used and 
prepared as follows: — 

Saturated alcoholic solution of basic fuchsin ... 1 part. 

Carbolic acid solution (1 in 20) ... 9 parts. 

Xote: —Basic fuchsin is the stain and carbolic acid is the mordant. 


(2) For decolorisation: —Mineral acids are used, such as, 20 per cent, 
nitric ac id, 25 per cent, sulphuric acid, 3 to 4 per cent, hydrochloric acid, or 
C/aplewsky’s solution. 

( caplewskys Solution :— 


Sodium chloride 
Acid hydrochloric 
Kthyl alcohol (95%) 
Distilled water 


2*5 grams. 
20 5 e.c. 

400 c.c. 

100 c.c. 


(3) For counter-stain:— Methylene blue, picric acid or malachite green 
may be employed. 


Curbol-Methylene Bine :— 

Saturated alcoholic solution of methylene blue ... 5 c.c. 

Carbolic acid solution (t in 20) 95 c c - 

Picric acid —Saturated watery solution. 

Malachite green —1 per cent, solution. 
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ZIEHL-NEELSEN’S TECHNIQUE 

(1) Preparation and fixation of the film:— A portion of the mucopu¬ 
rulent material is taken on a slide and a smear is made with another slide or 
with a platinum loop and dried in air. The dry film is then fixed over a flame. 

(2) Staining: —Some hot carbol-fuchsin is poured on the slide or tin- 
slide with the stain is heated to steaming, after which, the stain is allowed 
to act for 5 to 7 minutes. 

Precautions: —(i) The stain should not be allowed to boil or dry up on the 
slide, otherwise dirty precipitates will be formed on the film. 

(ii) A mark with a grease pencil about hall an inch from the end pre¬ 
vents the stain from running over tin* entire surface ol the slide. 

(3) Decolorisation :—The excess of stain is washed in water and tin- 
slide is then decolourised in sulphuric acid till a faint pink colour is obtained. 
The acid is washed off well in tap water. 

Precautions: —(a) The acid solution should not be kept on the slick- lor 
more than 10 seconds at a time. The acid may be changed two or three times 
to bring out the desired pink colour. It is convenient to have a hath con¬ 
taining this fluid into which the slide may be dipped in and taken out. In this 
step wlu-n the amount of decolonisation is observed, the slide should be 
washed in running tap water to remove the excess of acid. It is in this 
way only the correct decolorisation is to be obtained. 

(b) During decolorisation the opposite side of the slick- should be washed 
clean so that no carbol-fuchsin stain sticks on it, otherwise it may give a 
false appearance of the stain on the smear, resulting in over-use of the 
decolourising agent. 

(4) Counter-stain: —After washing the slide thoroughly in tap water, 
it is stained with methylene blue for 1 to 2 minutes. 

(5) Washing: —It is tlu-n washed in tap water, dried and examined 
under oil-immersion lens. 

Precautions against failure 

(i) Selection of material. It is always advisable to pick up a mucopuru¬ 
lent, caseous material, which contains the largest number of bacilli. 

(ii) l*se a uniform smear. 

(iii) Never heat too much to produce boiling or charring. 

(iv) Pay undivided attention during decolorisation. 

(v) Decolourise in stages. 

Modifications of the technique 

(a) Use of 95 % Alcohol: — Alter tin- use of dilute acids, decolorisation 
can further be effected In alcohol, particularly to differentiate M._ tuberculosis 
(alcohol-fast) from M. smegmatis (not alcohol-fast). The latter retains tin- 
colour of carbol-fuchsin when treated with dilute adds (aeid-last) bpt loses 
it when treated with alcohol in addition (not alcohol-last). Hence acid- 
alcohol technique should specially he used, in examining- a sample of urine 
for the presence ol M. tuberculosis, in order to eliminate M. smegmatis. 
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(b) Combined acid-alcohol technique:— Instead of using acid and 
alcohol separately for decolonisation, the method may be combined by using 

(i) 1 per cent, hydrochloric acid in absolute alcohol or (ii) Czaplewskv’s solu- 
tion (I\ 21). 

( ( ) Counter-Staining; may be done with a saturated aqueous solution of 
pic.rit acid. I his gives a very ( lean field and clear contrast. 

Appearance With acid-fast stain *—Acid-fast organisms are stained 
bright red whilst tissue c ells and other organism* are stained blue, yellow or 
green according to the nature of the counter-stain used (Fig. 22). 



Fig. 22. 

Smear preparation of sputum stained by Ziehl-Neelsen’s 
method, showing the acid-fast character (red colour) of 
M. tuberculosis and non-acid-fast character (greenish bluei 
of others. Malachite green is used as the counterstain. 

Principle of the stain:— Owing to the presence of a fatty envelope, 
these organisms resist penetration of the aniline dyes, and are therefore not 
stained bv the simple routine stains. Hence they require special methods 
of staining. A powerful stain, such as basic fuchsin, is used and to it car¬ 
bolic acid is added as a mordant to increase its fastness and, in order to 
intensify further its penetrating power, heat is also applied. Since these 
organisms are resistant to dye penetration, they also tend to resist 
deeolorisation bv mineral acids (acid-fast) as well as by alcohol (alcohol- 
fast). The degree of fastness serves to differentiate the individual members 
of the groups. As for example: — 

(i) Tubercle bacillus is both acid and alcohol-fast. 

(ii) Smegma bacillus is only acid-fast but not alcohol-fast. 

(iii) Lepra barillus is acid-fast to a less degree and is also less alcohol- 
fast. 
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SPECIAL STAINS FOR META-CHROMATIC GRANULES OF 
CORYNEBACTERIUM DIPHTHERIAS 

/. Neis8er’s stain (original method) 

Reagents Required:— 


i. Neisser’s methylene blue :— 
Methyene blue 
Absolute alcohol 
Glacial acetic acid 
Distilled water 


o*i gram. 
2 c.c. 


5 c.c. 
95 c.c. 


Dissolve the methylene blue in absolute alcohol and add it to the acetic 
acid-water mixture. Filter. 

2. (a) Bismarck brown solution :— 

Bismarck brown ... o 2 gram. 

Water (boiling) ... ioo c.c. 

Dissolve the stain in boiling water and filter. 
or (b) Chrysoidin solution :— 

Chrysoidin ... i gram. 

Distilled water ... 300 c.c. 

Dissolve by gentle heat and filter. 

Technique:— 

(i) Prepare and fix films as usual. 

(ii) Pour the Neisser’s stain on the film and allow it to act for a minute. 

(iii) Wash with water. 

(iv) Pour on the Bismarck brown solution or chrysoidin solution and 

allow' the stain to act for 15 to 30 seconds. 

(v) Wash off with water and dry. 

Remark: —The protoplasm of the bacillus is stained yellowish while the 
granules appear as dark blue dots at either end. To obtain good results, it is 
necessary that cultures be not more than i£ hours old. 


II. Pugh's stain 
Stain:— 


Toluidin blue 
Absolute alcohol 
Glacial acetic acid 
Distilled water 


2 grams. 
20 c.c. 

50 c.c. 

95° c.c. 


Technique:— 

(i) Fix the smear by heat as usual. 

(ii) Flood the film with the stain and heat to steaming. Allow the 
stain to act for one to three minutes. 


(iii) Wash in water, dry and examine under oil immersion lens. 


Remark: —This is a very useful and rapid single stain. The protop¬ 
lasm of the bacilli is stained light blue and the granules are coloured reddish 
purple. 



mktachromatic stains 
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III. Ponder’s stain 
Stain:— 


Toluidin blue (Grubler) 
Glacial acetic acid 
Absolute alcohol 
Distilled water to make 


... 002 gram. 

1 c.c. 

2 C.C. 

... IOO c.c. 


Technique:— 

(i) Make a him on a cover glass and fix it in the usual way. 

(ii) Spread the stain on the film, turn over the cover-slip and mount 
as a wet preparation. 


Remark. 1 he metachromatic granules come out with great intensity 
and the bacillary body is stained a lighter colour. z 


IV. Bie's stain 
Stain:— 

Methylene blue 
Dahlia 

Absolute alcohol 
Glacial acetic acid 
Distilled water 


2 grams. 
0*25 gram. 
20 c.c. 

5° c.c. 

95° c.c. 


The stains are dissolved in alcohol which is then added to the mixture of 
acetic acid and water. 


Technique: — 

(i) Make a film on a cover-glass and fix it in the usual way. 

(ii) Put a drop of the stain on the slide and mount cover-glass on it. 
Remove the exc ess of the stain by soaking it in blotting paper. 

(iii) Kxamine the preparation under oil immersion lens, without delay. 

Remark: -The preparation is not permanent and fades in a short time. 
Diphtheria bacilli arc seen with pale blue protoplasm and deep blue granules; 
other organisms are only leebly stained. 

V . Stain of von Staltenberg, H (Tile journal of laboratory and clinical 
medicine. Vol. XIII, No. 7, April, 1928.) 

Stain: — 

Malac hite green 
Toluidin blue 
Hiematoxvlin 
Distilled water 
Acetic acid 
Absolute alcohol 

Dissolve malachite green and toluidin blue in distilled water and haema- 
toxylin in absolute alcohol; then add acetic acid, filter. 


0*25 gram. 
005 gram, 
o'oi gram. 
100 c.c. 

3 c.c. 

3 c.c. 
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Technique:— 

(i) Fix the film in the usual way. 

(ii) Pour the solution on the slide and allow it to act for 2 to 5 minutes, 

(iii) Wash in tap water, dry and examine under oil immersion lens. 

Remark: —The granules are stained red or purple and the bodies are 
green. (Fig. 23). 

VI. Gut stein and Neisser’s stain 
(Azure II stain) 

(Journal of laboratory and clinical 
medicine Yol. NYU, No. 5, Febru¬ 
ary, 1932.) 

Reagents Required: — 

1. Stain—1 per cent, acqueous 

solution of Azure 1 1. 

2. Decolourising* agent—0*5 

per cent, acetic acid or 
aqueous solution of 
chrysalinine. 

Technique:— 

(i) Stain 2 to 3 minutes with 

I per cent, acqueous Azure 

II solution. 

(ii) Wash in tap water. 

(iii) Dillerentiate with 0*5 per cent, acetic acid for one to three seconds. 
Mctachromatic granules an* stained reddish-\ iolet, while the bodies are 
stained blue. (Fig. 24.) 

or (i) Stain 2 to 3 minutes with 1 per cent, aqueous Azure 11 solution. 

(ii) Wash in tap water. 

(iii) Wash with aqueous chrysalinine. 

Mctachromatic granules are 
stained black and the bodies of the 
bacilli arc \ellow. 

STAINING OF CAPSULES:— 

C apsule of a bacterium may be 
demonstrated either by relief 
methods, /.<»., the capsules are left 
unstained on a coloured back¬ 
ground; or by staining of the 
capsular substance. 

(a) RELIEF METHOD:— 

/. Benian f s con g (bred 

_i * s 

Reagents Required:— 

I. Congo red solution (2 per 
cent.). 
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Fig. 24. 

Azure II stain of C. diphtheria*; 
involution forms are shown. 



Fig. 23. 

Von Siultetihertfh ‘'tain of C. diphtheria*. 



STAINING OF CAPSULES 


27 


2. Arid-alcohol (1 per cent, hydrochloric acrid in absolute alcohol). 

3. Methyl violet. 

Technique:— 

(i) l ake a drop of eongo red solution and a loopful of the material on 
a clean glass slide, mix thoroughly and spread out as a thin 
film; dry. 

(ii) Flood the slide with arid alcohol and allow to act for onj^mutyfe. 

This turns the film blue. 

(iii) When dry, counterstain with methyl violet solution for 5 minutes, 

heating to steaming. 

(iv) Wash well, dry and examine under oil immersion lens. 

Remark: -Capsule stands out as an unstained halo and the protoplasm 
( »t the bacteria takes a violet stain. The film may be examined before 
coiinterstaining when the capsule appears as a silvery white halo against a 
dark blue background. 

//. Indian ink method of Burri :— This does not give a very 

satisfactory result. 

(b) STAINING OF THE CAPSULAR SUBSTANCE 
I. Hiss’s method 
Reagents required:— 

(1) Saturated alcoholic solution ol basic tuchsin ... 1 part. 

Distilled w atcr ... P arts ’ 

|->| Jo per cent, aqueous copper sulphate solution. 


Technique: 


10 

O') 

(iii) 


Fix a thin film on a slide in the usual manner. 

Place a lew drops ol solution (i) on the film and heat to steaming. 
Allow tile Stain to aet lor 30 seconds. 


Wash oil the stain with a liberal amount of solution (2). 

v order to avoid too much deposit of copper sulphate 
rn stats on the film, the solution should be used m excess and 
poured on the slide until the latter is cool. 

(iv) Dry between blotting papers (do not wash) and mount, if necessary, 
in C anada balsam. 

.Vole:— Water should not be applied at any stage of the 
procedure. 

. Re-.*:-"-.''"". ^ * 

this method tlu* capsule appears a• * 
body. (Fig. 25.) 

II. Richard Muir’s method 
Reagents required:— 

i. Stain . t 

Strong carbol-fuelisin (Ziehl-Ncelsen s.) 
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2. Special mordant . 

Saturated solution of corrosive sublimate ... 2 parts. 

20 per cent, solution of tannic acid ... 2 parts. 

Saturated solution of potassium alum ... 5 parts. 

3. Counter stain. 

Loeffler's methylene blue. 





* 


Fig. 25. 

Capsule of D. pneumonia* in a smear preparation 
from heart " blood of mice, stained l»y method. 

Technique:— 

(i) Make a thin film and fix by heat as usual. 

(ii) Stain with filtered earbol-fuchsin lor hall to one minute, the pre¬ 
paration being gently heated to steaming. 

(iii) Wash slightly with rectified spirit and then well in water. 

(iv) Pour on the mordant, and allow it to act for 30 seconds. 

(v) Wash well in water. 

(vi) Treat with methylated spirit for about a minute. 'Hie time 
however varies with the preparation and is found by experience. 
Usually 30 to 40 seconds are sufficient. After treating with 
spirit, the film should be pale red in appearance. 

(vii) Wash well in water. 

(viii) Counterstain with Loefflcr’s methylene blue for half to one minute, 
(ix) Dehydrate in absolute alcohol, clear in xylol and mount in balsam. 

Remark: —The bacteria are stained deep crimson while the capsules arc 
of blue tint. Richard Muir’s method gives beautiful results but is much 
more difficult for the beginner and is not recommended for routine work. 



STAINING OF SPORES 


29 


STAINING OF SPORES: —When spore-bearing bacilli are stained 
bv ordinary methods (with watery solutions of basic aniline dyes), the body 
of the bacillus is deeply coloured whereas the spores remain unstained and 
appear as clear areas. Phis seems to be due to the fact that the spores have 
a resisting envelope which prevents the entrance of the staining agent. 
1 hey may however be stained by using some special methods which allow 
the penetration of the dye. Once stained, they retain the colour with con¬ 
siderable tenacity like the tubercle bacilli; the resisting envelope preventing 
the full action of the decolourising agent. 

/. Modified Ziehl-Neelsen’s method :— 

Reagents required:— 

1. Zichl-Neelscn’s carbol-fuchsin (P. 21). 

2. Sulphuric acid (0*5 per cent.) or methylated spirit. 

3. Loefller’s methylene blue. 

Technique:— 

(i) Make a thin emulsion on the slide from an old culture kept at 
room temperature; dry, and fix by passing once or twice over 
the flame. 

(ii) Stain with Ziehl-Xeelsen’s carbol-fuchsin for 5 to 10 minutes, 
heating from time to time until steam rises. 

(iii) Wash in tap water. 

( i\ ) Decolourise with (a) 0 5 per cent, sulphuric acid, if the acid be 
stronger than 1 per cent., the spores of many bacilli are readily 
decolourised); or (b) methylated spirit. 

(v) Wash in water. 

Decolorisation is observed from time to time under the 1/6 in. objective. 
When the slide is nearly colourless, it is examined. If the spores, as well 
as the bacilli, retain the red colour, the preparation must be further 
decolourised. If the spores alone are stained, it is counter-stained. 

(vi) Counter-stain with Loefller’s 

methylene blue for two 
minutes. 

(vii) Wash in water, blot and 

drv; mount in balsam. 

Remark: —The spores are stain¬ 
ed bright red and the protoplasm of 
the bacilli blue. (Fig. 26). 

//. Moiler*s method :— 

In this method, the films before 
being stained arc treated with chloro¬ 
form for 2 minutes, well washed and 
then placed in a 5 per cent, solution of 
chromic acid for $ to 2 minutes, after 
which they arc again well washed in 


/ 7 v 
^<•1 < 


Fig. 36. 

Rtainine of spores of B. anthraoia by 
Bt modified Ziehl-Neelaen’i method. 
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water. Then they are stained and decolourised as above. This method is 
much more satisfactory as it makes the spores easily permeable to the 
staining reagent. 

///. Schaeffer and Fulton's method (The journal of laboratory 
and clinical medicine Yol. XVII No. q, June 1933). This is a very simple 
method of staining endospores. 

Reagents required:— 

1. Stain :—5 per cent, aqueous solution of malachite green. Dissolve, 
allow to stand for 30 minutes, and filter. 


2. ( ountcr-stam: —0*5 per cent, aqueous solution of saftratlin. 


:S VJ> 

w~V- 


Technique:— 

(i) Prepare films and fix as usual, 

(ii) Flood with malachite green and 
heat to steaming. 

(iii) Wash in tap water for 40 
seconds. 

(iv) Apply safiratlin and allow the 
stain to art for 30 seconds. 

(v) Wash, blot, dry and examine. 

Endospores art stained green and 
the protoplasm of the bacilli red. (Fig. 
27 >- 

STAINING OF FLAGELLA:— 

Many organisms possess delicate 
flagella which art not visible bv the 
ordinary methods of staining. They 
are also not visible when the motility 
of the organism is examined ordinarily in a hanging-drop preparation. They 
may, however, be seen when examined by dark ground illumination. To 
demonstrate the presence of flag r ella, special stains are therefore neeessan . 
In this connection, it should be noted that the staining of flagella is the most 
difficult of the bacteriological procedures. Success depends on rigorous 
cleanliness of slides, freshly prepared solution, a fresh culture and the growth 
sufficiently diluted to obtain the organisms in an isolated condition. 


Fig. 27. 

Staining of spores of B. anthracis by 
Schaeffer and Fulton’s method. 


Preparation of films:— Take a perfectly clean (grease free) slide and 
place a drop of pure distilled water on its centre. A very small portion of 
the growth is taken, on the point of a platinum needle from a voung culture 
on agar (10 to 18 hours’ culture*) and held in contact with the water for a 
little while. The point of the needle may be moved gently in the water. 
This allows the bacteria to swim out in the fluid producing a verv thin 
emulsion. The amount will be such as will cause the faintest turbidity with 
water. It is then spread out and allowed to dry in the air. 

Or, a thin bacterial emulsion may be made in a test tube containing 
a ty? u L 1 2 c, c* of distilled water and a loopful of this may be spread on a 

slide and dried as before. 
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Muir's modification of PitOeld’s method:— 
Reagents required:— 


i. Mordant: — 

1 annic acid, 10 per rent, watery solution (filtered) ... io c.c. 
Corrosive sublimate, saturated watery solution ... 5 c.c. 
Alum, saturated watery solution 5 c c 

Ziehl-Neelsen’s carbol-fuchsin stain ... 5 c c# 

Mix thoroughly and centrif ugalise; remove supernatant clear coloured 
fluid with a pipittt and transfer to a clean bottle. I his will keep for two or 
three weeks. 


2. The stain (freshly prepared). 

Alum, saturated watery solution (filtered) ... 10 c.c. 

Gentian violet, saturated alcoholic solution ... 2 c.c. 

Technique: — 

(i) Flood the prepared slide with the mordant; heat to steaming for 
1 minute and then let it stain for 10 minutes. Wash well in a 
stream of running water for 2 minutes. Dry carefully over a 
flame. 

(ii) Four some stain, steam gently for 1 minute; wash well in water, 
dry; mount in a drop of Canada balsam. 

COMPOUND STAINS 

THE ROMANOWSKY STAINS: —The peculiar property of these stains 
is that a compound is formed due to the interaction of methylene blue and 
eosin. 'I bis imparts a reddish purple colour to the chromatin of the various 
micro-organisms. Before the methylene blue is mixed with eosin, it is 
“ ripened,*' either by age or by heating with sodium carbonate. It is then 
mixed with cosin in varying proportions and the precipitate which forms, is 
dried, washed in distilled water and finally dissolved in acetone-free methyl 
alcohol. Kach modification of Romanowsky stain differs mainly in the (i) 
relative proportions of methylene blue and eosin and (ii) the method of ripen¬ 
ing methylene blue before it is allowed to combine with eosin. These stains, 
when not used, should be kept in a dark place as they deteriorate on exposure 
to the tropical sun. The alcoholic preparations of the stains are stocked in a 
well-stoppered bottle otherwise they become too concentrated by the evapora¬ 
tion of alcohol and thus stain deeply or form a precipitate on the film. 

LEISHMAN'S OR WRIGHT'S STAIN:— 

Preparation of the stain:— 

Solution . 1 ; — 

Methylene blue (Griibler) 

Sodium bicarbonate 
Distilled water 


1 gram. 
... °’5 gram. 
... 100 c.c. 
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The mixture may be heated in a Koch’s steam steriliser or a water-bath 
for an hour to make it polychrome. After heating, the mixture is allowed 
to cool by placing the flask in eold water and is then filtered to remove all 
precipitates which might form in it. It should, when cold, have a deep 
purple red colour when viewed in a thin layer by transmitted yellowish arti¬ 
ficial light. It does not show this colour so long it remains hot. 

In our tropical climate, an excellent result ma\ be obtained by exposing 
the mixture in a flask or a bottle to the sun, successively for some days, till 
the blue colour changes into purple. During this time, the mixture should 
be frequently shaken. Usually about io to 15 days are necessary but the 
time of exposure depends on the strength of the sun’s rays. Too long an 
exposure causes a precipitate and spoils the solution. 

Solution B :— 

Eosin, extra B.A. ((irubier) ... 05 gram. 

Distilled water ... 500 c.o. 

In a large open vessel, add slowly solution B to solution A, stirring 
constantly. The mixture becomes purple and a scum appears on the surface 
with a bright metallic lustre. There is also formed a finely granular preci¬ 
pitate at the bottom. Filter and collect the residue on a filter paper and dry 
in the incubator. 0*3 gram of this dry powder is dissolved in 100 c.c. of 
acetone-free methyl alcohol. To effect the solution of the powder, it is 
ground in a mortar with successive portions of methyl alcohol, decanting the 
clear fluid from time to time. The process is repeated several times until all 
the residue (undissolved stain) goes into the solution. The stain is improved 
by keeping it in the incubator for 2 to 3 days, before use. 

Uses: — ( 1 ) To stain blood film for cytological examination and detection 
of parasites. 

(2) To stain certain bacteria such as Pasteurdla pest is. 

Method of staining blood film:— 

(i) Allow the film to dry in air. 

Note :—It must never be fixed by heat. 

(ii) Cover the film with undiluted stain and allow it to act for half a 

minute (the methyl alcohol in the stain fixes the film). 

Note :—The slide should be covered with a bell-jar, as bv this 
means evaporation of alcohol is prevented and precipitation of 
the stain on the film is avoided. 

(iii) Add double the quantity of distilled water and mix it thoroughlv 

by alternately sucking in and out with a pipette or by gentle 
shaking. The addition of water and mixing should be done 
carefully so that overflowing from the slide is prevented. Allow 
the diluted stain to act for 10 minutes. If it is kept longer, the 
stain becomes of a dirty colour. 

Note :—Although it is the usual belief to dilute the stain with 
distilled water, excellent result may be obtained with ordinary 
tap water. A very slight degree of alkalinity in the tap water 
makes the latter an admirable diluting fluid. 
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(iv) Wash the* slide in running tap water or distilled water. Let the 
film be covered with water lor a minute to wash off the excess 
of blue colour. Dry and examine under oil immersion lens. 

Mote: I he stain should never be thrown away and then the 

slide washed in water but rather the water should displace the 
stain. 

Disadvantages of Leishman s stain :—As it is an alcoholic prepara¬ 
tion, the volatility of alcohol renders it unsuitable to keep for a sufficient 
length of time either in tin* stock bottle or in tin* staining films. It is for this 
reason that special attention should be* paid when Leishman*s stain is used. 

GIEMSA’S STAIN: —I his stain consists of a number of compounds 
which arc designated as Azur 11 and Azur II-eosin and are formed by the 
combination of varying proportions of methylene blue and cosin. They may 
be purchased ready-made from Griibler. The stain is prepared as follows: — 
Azur II-eosin ... 3 grams. 

Azur II ... o*8 gram. 

Glycerin (Merck, chemically pure) ... 250 grams. 

Methyl alcohol (Kahlhaum I) ... 250 grams. 

This forms the stock solution. Before actual use, 1 part of the stock 
solution should be diluted with 10 to 15 parts of distilled water. 

Uses:— (1) To stain blood films for cells or parasites. 

(2) To stain spirocluetcs, the process involving prolonged 
staining. 

Staining of blood films: — 

(i) f ix tin* blood film with absolute alcohol tor a couple of minutes. 

(ii) Stain with Gicmsa’s stain (diluted 1 in 10 with distilled water) and 

allow it to act tor 15 minutes. 

(iii) Wash in distilled water. 

(iv) Dry in air and examine under oil immersion lens. 

Advantages: —Ihc stain does not become concentrated on keeping 
and can be left on the film longer than the specified time without any 
untoward result. 


Prolonged staining for spirochcetes :— 

(i) Fix the preparation in absolute alcohol for 3 to 5 minutes. 

(ii) Immerse the slide in the diluted stain overnight. For this purpose 

the stain may be kept in a small covered glass jar and the slide 
placed in it in a standing position. 

(iii) Wash the slide in distilled water, dry in air and examine under oil 
immersion lens. 


and 


The following is a very good formula for the dilution 
gives excellent results: — 

Stock Giemsa’s solution 
Methyl alcohol 
Distilled water 

0 5 per cent, sodium carbonate solution 


of Giemsa’s stain 

... 2*5 c.c. 

... 2*5 c.c. 

... 100 c.c. 

5 drops. 
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JENNER’S STAIN:— It is prepared by mixing equal parts of i '2 per 
cent, aqueous solution of eosin (Grubler, water-soluble) and i per cent, aque¬ 
ous solution of methylene blue (Grubler) and allowing it to stand for 24 hours. 
It is then filtered and the residue is dried at 55°C. 'This is redissolved in 
distilled water, filtered and the residue dried again. This dried powder is 
the stain and it should be noted that in its preparation no alkali has been 
used. For use 0*5 gram of the powder is dissolved in 100 e.e. of acetone- 
free methyl alcohol and a few drops of the stain are poured on the dried, 
unfixed film. The stain is allowed to act for 1 to 3 minutes, washed in dis¬ 
tilled water till it becomes pink and then dried in air or between blotting 
papers. The slide is now ready for examining under oil immersion lens. 

VITAL STAINING 

I. lntra-vitam staining: —This staining method is employed mainly 
for the study of the reticulo-endothelial system of cells. The entire staining 
process goes on inside the body of an animal which is alive and thus the 
activity of a living cell forms the basis of this method. W hen a certain d\e 
is injected into the tissues of a living animal, the greater part of it is usually 
excreted through the urine and fa*ces but a small part is retained and stored 
up as fine particles inside the cytoplasm of the reticulo-endothelial ('ells. This 
special group of cells can thus be readily recognised under the microscope. 
The dye stuffs which are commonly used for the purpose are Indian ink, car¬ 
mine, trypan blue, and pyrrol blue, although a large number of others may 
also be used. Of these stains, Indian ink is somewhat coarse and very delicate 
staining cannot be obtained with it. The best way to use it, is to take any 
sample of indelible ink, mix it with normal saline and centrifuge the mixture 
to allow the coarser partic les to settle at the bottom. The supernatant fluid 
is then injected daily into the animal, either intraperitoneally or intravenously. 
The dose should be small, not exceeding 1 e.c. The injections should be re¬ 
peated 6 to 8 times, when the animal will assume a somewhat blackish 
colour. It may then be killed and the tissues examined histologicall) . 

As for the other staining reagents, a 1 per cent, solution in normal saline 
is commonly employed. The dose should be approximately 1 c.c. per 20 
grams of body weight of the animal. If the quantity becomes too bulky, 
a 2 per cent, solution may also be used. The injections may be made sub¬ 
cutaneously, intraperitoneally or intravenously. To get satisfactory staining, 
repeated intraperitoneal injections or repeated small intravenous injections are 
necessary. Usually, about 6 to 8 injections are required. These dyes, when 
used in such low strengths, 00 not cause much harm to the animal. At first 
it is intensely stained all over its body and the urine becomes loaded with the 
pigment, but later the colour may rapidly fade owing to quick elimination. 
The animal should be killed after the required number of injections and its 
tissues fixed in 10 per cent, formol-salinc. Sec tions may be prepared either 
by the freezing or by the paraffin embedding method. The nuclei of the cells 
may be stained by the ordinary nuclear stains preferably by alum luematoxy- 
line, and counter-stains should be avoided to prevent confusion. 

In this way it may be found that the pigment has been most markedly 
stored up by the Kupffer’s cells of the liver (Fig. 28), the mononuclear cells 
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o f Ihc spknic pulp and lymphatic glands and also the retieulo-endothelial 
cells of he horn-marrow. Such cells in other parts of the body also take the 
colour though not so markedly as the former. 



Fig. 28. 

Section of a liver showing int ra-vitam Muining of 
Kupfler cel It* with Indian ink. 

II. Supra-vitam staining: —This is a process of staining which takes 
place in cells which are outside the animal body but which are still alive for 
some time. I he commonest example is the staining of the reticulocytes of 
blood with brilliant-crcsyl-bluc. It may also be used with other stains to 
study the phagocytic activity of leucocytes and other tissue cells. 

For blood films and bacteria: —Stains used are neutral red, methy* 
lene blue, brilliant cresyl blue and Janus green. These dyes are kept in 
stork, as saturated alcoholic' solutions, in glass-stoppered bottles. The stains 
used for different materials are as follows: — 

For bacteria—Xcutral red or methylene bine. 

For reticulocytes—Brilliant cresyl blue. 

For polymorphonuclear cells—Xcutral red. 

For mitochondria—Janus green. 

Small drops of blood, cell suspensions or bacteria are placed on specially 
prepared slides and then incubated for a few minutes or examined on the 
warm stage. The slide may be covered with a cover-slip and sealed with 
vaseline. 

How to prepare slides: — JO to 50 drop required dye are added 

to 10 c.c. of absolute alcohol and the solutio.jred over a clean warm 

slide. The excess is thrown away and the ... ied in the vertical posi¬ 

tion. 



CHAPTER III 


GENERAL BIOLOGY Of BACTERIA 

CONDITIONS FOR GROWTH: —There an* five main factors which have 
a marked influence on the promotion of bacterial growth. I hese are (i) food 
supply, (2) gaseous environment, (3) moisture, (4) temperature and (5) light. 

1. Food supply:-- \ 11 bacteria consist of carbon, hydrogen, oxygen, 
nitrogen, phosphorus, sulphur and inorganic salts. Hence these must be 
supplied to them for their growth. When we try to grow them in artificial 
media, the latter are prepared in such a w ay that they contain all the abo\ e 
ingredients. But even then, it is impossible to imitate the complexity of 
natural food of bacteria; hence they represent only poor substitutes for 
natural supply. In growing artificially, some species may require special 
ingredients for growth; as for example, luemoglobin for Ha-mophilic group 
of organisms; serum or white of an egg for C’ory nebacterium dipht he rue ; 
albuminous fluid, such as hydrocele, ascitic or ovarian fluid for Neisseria 
gonorrhu*;e, Neisseria meningitidis, etc.; sugars (maltose) for fungus; gly¬ 
cerin for Mycobacterium tuberc ulosis hominis, and so on. \\ hen food supply 
fails, bac'teria either degenerate or form spores and then ultimately die out. 
At this stage, transference- to rich media will not be- able* to re\i\c them. 
Again, during the process of growth, bacteria produce excretory products 
which may be- unfavourable- to their own vitality. These* e-tlc-tc- substances 
soon diffuse out into the* medium and prevent growth. 

Ueactiou of the medium in whic h an organism is allowed to grow is also 
an important factor. The majority of tlu- bac teria prefers a medium with a 
slightly alkaline reaction of pH about j'(\ Small variations m the reactions, 
particularly to the side of acidity, may inhibit the- growth altogether. Cholera 
vibrio, however, is the- only organism which can grow in a highly alkaline- 
medium, such as “Dieudonne's blood-alkali agar.” 

2. Gaseous environments: —Bac teria vary in tile ir capacity to grow 
with or without a supply of oxvgcn whic h is de rived mainlv from the* atmos¬ 
phere. Some are* able- to flourish in an atmosphere containing a free- supplv 
of oxygen, whereas others are* unable to grow in its presence. According to 
their ability to grow in the presenc e- or absence* of free oxvgc n, bac te ria arc- 
divided into two groups (a) ae robic and (bj anaerobic. 

(a) Aerobic: —These re-quire free oxygen for the- maintenance of their 
vitality. 

(i) Obligatory aerobes :—I hey can live and grow only when oxvgcn is 
freely supplied. The ninnnon e xample s are* Paste ure-lla pe st is, 
Htemophilus influenza*, Neisseria gonorrheea* and Bacillus sub- 
tilis. 
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(//) Facultative aerobes :—The organisms are truly anaerobes and there- 
iore prefer to grow without oxygen, but in cases of necessity they 
can do so in its presence as well. 

(b) Anaerobic. Here the presence of oxygen is injurious to their 
growth and therefore they can flourish only when oxygen is excluded. 

(/) Obligatory auavmbvs: I hese are unable to grow in the presence of 
free oxygen, c.g.,. ( lostridium group of organisms. They get 
their supply of oxxgen indirectly by chemical decomposition of 
proteins and carbohydrates ot the infected muscles. 

(in Facultative auaertihes :—The organisms are truly aerobes and there¬ 
fore prefer to grow in the presence of oxygen but are capable of 
living without it. Majority of the pathogenic bacteria are includ¬ 
ed in this group. 

Apart from the above, there .are certain other bacteria which prefer to 
grow best under conditions of lowered oxygen tension. These are called 
nticru-aeniphilic. 


Presence of moisture: — Some degree of moisture is essential for 
the continued growth of bacterial species. It is for this reason that all arti¬ 
ficial culture media should contain suflicient fluid, specially at the bottom, 
as water ot condensation. Different species of bacteria vary a great deal in 
their powei to resist drxing. Thus while cholera vibrio resists drying for 
2 to y hours, Staphxlocoi cus aureus will survive io daxs and Corynebacterium 
diphtheria* still mon . \gain, spore-bearing bacteria withstand drying for a 
much longer period. Anthrax and tetanus spores can survive desiccation 
for x ears. 

.Vo/e; In actual pra« lice, it should always be seen that the culture media 
are moist and there is suflicient water of condensation at the bottom. Many 
Streptococci and sometimes, Diplncoccus pneumonia*. Neisseria gonorrhaxe 
and Neisseria meningitidis will not grow on a dry medium. Hence they may 
be missed and a wrong information reported. 


.|. Temperature : -All the metabolic' activities of bacteria are greatly 
influenced b\ the external temperature to which they are subjected. I he 
tange of temperature at which micro-organisms grow is subject to wide 
\ anations among diflcrent species, each one having an optimum and a mini¬ 
mum temperature. I*or everv kind of bacterium there is a certain tempera¬ 
ture at which it grows last and this is called the optimum temperature. 
There is also a maximum and a minimum temperature, above and below 
whic h, bacteria do not grow but max remain alive. For most of the patho¬ 
genic organisms, the optimum temperature is very near blood-heat, viz., 
ifV It should, however, he remembered that the optimum temperature 
depends upon the habitual environment in which the particular species 
acc ustomed to exist, /.e.. the temperature of their natural habitat. Inythe 
laboratorv, this constant optimum temperature is maintained hv an incubator. 
In this countrx , during summer time, however, luxuriant growth lak*s place 
outside an inc ubator, i.e.. at room temperature. According fo tin; tempera¬ 
ture requirements for their growth, bacteria max ..' into two £ roups ’ 
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(a) mesophilie and (b) thermophilic. Mesophilie organisms arc tliose which 
require an optimum temperature between 2o°C\ and 4o°C\ Majority of the 
pathogenic bacteria are included in this group. Thermophilic organisms are 
those which require an optimum temperature between 6o°(\ and ju°C. Such 
bacteria are not included under medical Bacteriology. 

5. Effect of light: —Direct sunlight is very injurious to bacterial 
growth. Similarly, green light and violet rays, such as, ultra-violet rays, 
X-rays and electric' light are also injurious. All culture media alter inocula¬ 
tion are placed in an incubator, tin* inside of which is dark. In this wa\, 
bacterial growth is protected from the action of direct sunlight. It is also 
for this bactericidal effect that direct sunlight is often employed as a natural 
disinfectant by many people in the tropic s. 

PRODUCTS OF BACTERIAL GROWTH: The bacteria, while grow¬ 
ing in artificial media or in the animal bod\, produc e* various substances, the 
nature of which may vary according to the* environmental conditions under 
whic h they are developed. Some of these* substances may produc e* injurious 
ac tion in the* animal tissue s and arc* referred to as bac te rial poisons or toxins, 
while others are* of the* nature* of en/vmes or ferments which bring about 
important chemical changes in the surrounding medium. Tlu-ir knowledge 
is being utilised in the* biochemical study of bac teria and in the manufacture* 
of various substances lor industrial purposes. Again, in some cases, the 
bacteria may form pigments which give* them their spec ies charac ters. All 
the products of bac terial growth are considered below in detail. 

1. Bacterial poisons: —These are* produced by the* organisms during 
the* process of their growth and are, in most cases, specific products ot 
bacteria. 

(a) Exotoxin or extracellular toxin: These spec ific* bacterial pro¬ 
ducts are supposed to be soluble* sec re tions, passing readily from the* bac te rial 
cells into the liquid culture* medium; hence* they can be* obtained from the* 
medium after removal of the* bac teria. Introduction of ungla/ed porcelain 
candles in the method of filtration ol fluid medium in which bacteria are- 
grown, considerably advanc ed the sc ientific* study of extrac ellular toxins. In 
this way, the toxin contained in the* fluid medium is obtained absolutely tree* 
frcjrn the organisms, thus facilitating the study ol its ac tion in a highiv pure 
condition. Roux and Yersin (iSSH) first isolated diphtheria toxin bv means 
ol this kind ol filtration; in a similar way tetanus toxin was discovered b\ 
Kitasato ( i8c^i ). 

I he following is a list of organisms which produce* true* exotoxins: — 

(i) Organisms of the Hostridium group (CL tetani, CL hotulinum, 
( 7 . welchii, etc.). 

(ii) Corynehacterium diphtheria 1 . 

(Hi) Eherthella dysenteria-, Shiga. 

(iv) Streptococcus scarlatina'. 

Note :—Recently an exotoxin has also been prepared from Staphylococcus. 

It may be remarked here* that all exotoxins cannot be regarded as active 
secretions of bacteria. Because it has been seen with some organisms, such 
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as C. diphtheritic and U. tetani, that maximum amount of toxin production 
results alter some time of active growth and when the process of breaking 
down or autolysis of the bacteria begins to occur. Thus a definite statement 
cannot be made that all exotoxins are secretory products of bacteria. The 
pec uliar property which characterises exotoxins is the readiness with which 
the latter can be separated in an active form from bacterial suspensions bv 
filtration. i he* \ arious other properties which serve to differentiate exotoxins 
trom another kind of toxin (endotoxin), is shown later in a tabular form. 

(b) Endotoxin or intracellular toxin (Pfeiffer):— In this case the 

poisons are not liberated in the liquid medium in which the bacteria grow but 
are linked more or less firmly to the bacterial body. Henc e if a fluid culture, 
containing suc h organisms, is filtered through porcelain, the filtrate has little 
or no toxic effects, whereas the residue is very poisonous. Most of the 
common pathogenic- bacteria produce endotoxins. 

The main differences between the properties of exotoxin and endotoxin 
are shown in the* following table. 

k\<>t<»\in Endotoxin 


1. Filterable. 

2 . I’suallv fatal in very small doses. 

3. Delicate and thermolabile. 

4. Ilighlv antigenic and capable of 

producing antitoxic serum. 

5. I hey have* specific eflects on 

particular tissue’s of the body 
and their action tan be* 
assaved by pharmacological 
and other scientific methods. 


1. Not filterable. 

2. Large amounts are required to 

produce fatal results. 

3. Relatively thermostable. 

4. Antigenic but not anti-toxi- 

nogenic. 

5. No specific effect on any parti¬ 

cular tissue and their actions 
cannot be recognised like those 
of the exotoxins. 


(c) Aggressins: rin se are substances which are produced only in the 
animal bodv bv bacteria and are definitely related to their virulence (Bail s 
theurv). Their action is exactly opposite to that of opsonins, and they 
enhance tin bacterial activities by preventing the leucocytes to come near 
them and thus escape their destructive action. Their action is supposed 
to be the production of a negative chemiotactic phenomenon. 1 he organisms 
of gas-gangrene are one of the best examples which produce aggressins. 

Apart from the above poisonous products elaborated bv the bacteria, the 
c\toplasm of tin- bacterial bodies is, in many eases, injurious to animal 
tissues. This protein residue which remains after removal of all exo and 
endo, toxins, mav give rise to localised inflammatory lesions when injected 
into animals. litis bacterial protein is the same in all species and has no 
speciltcitv. Its action is similar to that of " Son-specific Protein Therapy, 
exerting a general stimulus to the antibody-forming elements of the body viz., 
the reticulo-ciulothclial svstem. 

Ferments: —These are special kinds of proteins acting as catalytic 
agents. They take part in the reaction but are not used up in the process 
Like toxins, they are both extra and intra, cellular I he following are some 
of the common bacterial ferments: 
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(a) Proteolytic ferment:— This is responsible for the rJeeoinposition 
of dead animal and vegetable matter in nature. In the laboratory, eoinmon 
examples of proteolytic action may be seen m the liquefaction ol gelatin, 
fibrin and coagulated blood serum. Thus, it will be- seen that it properly 
sterilised to prevent the growth of bacteria, substances like meat, fish and 
albuminous materials will keep for a long time. This knowl.ilgc- is applied 
in the artificial preservation of meat, fish and other foodstulK, tor commer- 
cial purposes. 

(b) Coagulase: —This is a milk-curdling ferment, often demonstrated 
during the study of the biochemical properties ol many pathogenic organisms. 
This ferment action is sometimes used as an ancillary method in the diagnosis 
and identification of bacterial species. Many organisms ol the colon group 
produce marked coagulation of milk due to their production of this ferment. 

(c) Amylase: —'This is a ferment, splitting earbohvdrates, specially 
starch. Although this reaction is not much used in the siud\ of bacteria, it is 
extensively employed in the preparation of acetone for commercial purposes. 

(d) Lactic acid fermentation: - It is produced by the arti\it\ of 
certain bacteria in media containing carbohydrates and albuminous sub¬ 
stances. Aciobaeter terogencs (H. laetiei amgcncs}, organisms ol the 
Lactobacillus group and some other \arieties of the colon group of bacteria 
can decompose many di and mono, saccharides, producing la< tic acid as one 
of the products. It is this lactic acid which changes the reaction of the 
culture media in which the bacteria grow. The common souring of milk, 
used both for household and commercial purposes, depends on this biochemi¬ 
cal process. 

(e) Oxydase (oxidising ferments): The commonest example is 

Bacterium aeeti which produces acetic acid from a weak solution of alcohol. 
It was this ferment-action which was first studied b\ Louis Pasteur and 
which converted him from a c hemist to a bacteriologist. I he rth\I alcohol is 
oxidised with the* formation of acetic acid according to the following iormula : 

t ,,H OH -i (),, t il,COOI 1 4 Ji.0. 

Lthyl alcohol Acetic acid 

Although we do not employ this ferment activity in the common 
laboratory study of bacteria, this knowledge is utilised in the commerc ial 
manufacture of vinegar. 

(0 Alcoholic fermentation (Zymase): - I he most important organ¬ 
ism which produces this ferment is the yeast which converts the* monosac¬ 
charide, dextrose, into alcohol and carbon dioxide, as shown in the following 
formula: — 

f Zymase 2 C,H,()H + 2 ( 0 , 

Dextrose Lthyl alcohol 

This knowledge is applied in the industrial production ol* wine and beer. 
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3 . Chromogenic products:— Many bacterial species have the power 

to product' pigments, v .#.: — 

Staphylococcus aureus-*- golden yellow pigment. 

Pseudomonas a-rugitmsa (It, pyocyaneus)—hlue pigment. 

Scrnitia mtiricstcns (It. prodigiosus)—red pigment. 

( lirotnoluK teriuni violaccum 111. viuluceus)—violet pigment. 

The pigments produced by different bacteria differ in colour and in their 
solubility. Bacillus pyocyaneus produces a water soluble pigment which 
diffuses through the medium; whereas in the case of Staphylococcus aureus, 
the pigment does not diffuse out in the medium but remains within the 
bacterial cells and only the colonies become coloured. The presence of oxygen 
is necessary tor the development of chromogenic properties. When grown 
anacrobii ally, this . hromogenie power is lost and the same result may follow 
beating to 55 C. and prolonged culture on artificial media. 

Significance: — 1 be pigment-production by bacteria does not serve any 
physiological purpose but is only concerned in the differentiation of bacterial 
species or \ arictics. 
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STERLISA TION 

It is essential that no extraneous organisms should get aeeess to tin* 
culture media which are used for the cultivation and study of the characters 
of an individual bacterium. To ensure this, it is necessary to obtain the 
organism in pure culture, which is the first requisite ol a bacteriological 
research. All apparatus and culture media must therefore be free lrom 
extraneous organisms before use and the process by which this is carried out 
is called sterilisation . 

METHODS:- •There arc* various methods of sterilisation depending on 
the nature* and composition of the* articles to be sterilised and hence one 
method e'annot be* employed tor all purposes. Kaeh one* has its own parti¬ 
cular use with well-defined limitations. The following are some of the com¬ 
mon methods: — 

i. Sunlight 11 lira-violet rays). 

Drying. 

j. Heat. 

Sterilisation at lower temperature. 

5 . Sterilisation by filtration. 

(). Sterilisation by chemicals . 

The usual methods of sterilisation are some form of heat, either dry or 
moist ; the* latter being the* more* effective. High temperature (iood\ or over) 
or low temperature (be low ' ioo°( .) may be used according to the stability of 
the substances it is desired to ste rilise*. 

Sterilisation can be* effected by means of antiseptics but they are not 
usually employed in the* preparation of c ulture media as the presence of the 
chemical w hich destroys the contaminating organic ms, will either kill or 
prevent the growth of the bacterium under study. 

SUNLIGHT: —The ultra-vio.et portion of the* sunlight is active and 
lethal, not only to bacteria, but to other unicellular organisms like the amceba, 
as well as, to the living cells of animal and plant tissue's. The mode of ac tion 
of the ultra-violet light is essentially a chemical one, depending on the* 
presence of free oxygen and producing an alteration in the* surface layer of 
the cells. Bacteria suspended in water are readily destroyed by exposure to 
sunlight. This is one of the natural methods of sterilisation in e ases of water 
in tanks, rivers, lakes, etc. The strong current is in addition a fac tor in the 
sterilisation of running waters. This explains why water from springs and 
rivers, with strong currents, is wholesome, whereas stagnant waters are 
not so. 
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In our country, the powerful sunlight is a great disinfecting agent. 
Partly due to its ac tinic activity and partly to heat, the rays of the sun act 
as a natural destruc tive agent to many pathogenic organisms. It has been 
definitely found by Rogers and others that clothes, moistened with the fasces 
of cholera and typhoid c ases, are rapidly sterilised on exposure to direct sun¬ 
light. Thus, although the tropical sun is associated with an uncomfortably 
hot climate, yet it is a boon to the people for its powerful germicidal effects. 
In a country like* India, the sterilising effect of the tropical sun is certainly 
beneficial and counteracts the evils, to a greater or less extent, of the careless 
dissemination of the* infec ting agents through beces, sputum and other dis¬ 
charges bv people of the illiterate ( lass, who are ignorant about the common 
principle s of hygiene. Besides, the people of the poorer section employ it as 
a natural mode* of disinfectant by exposing their soiled clothings to the 
sunlight. 

DRYING:— As already mentioned, all bacteria, in their vegetative state, 
require some* amount of moisture for their continued growth; hence, drying 
acts as a sterilising agent and comprises another natural mode of destruction 
of bacteria. This, however, does not apply to spore-bearing organisms which 
can resist drying very considerably. 


HEAT: _This is one of the most powerful and efficient methods of 

sterilisation. It acts b\ coagulating bac terial protoplasm and thereby killing 
Heat may be applied in two forms, dry heat and moist heat. There 
iv a marked difference between the art ion of the two forms of heat. Moist 
heat i*., hy far, the more powerful agent because ol its greater and quicker 
power ol penetration. When any bacterium is exposed to the action of dry 
Innl. such as a current ot hot air, it is first dehydrated before its protoplasm 
coagulates. Such a process naturally takes some time. Of course, when the 
temperature is raised \cr\ much, it is burnt to death. The action of moist 
hat. on the other hand, is entirely different. As soon as steam comes in 
contact with am object it passes from the gaseous into the liquid state, 
liberating at the same time, a large amount of hear which is absorbed by the 
object. The latter is thus quickly heated. Further heating ot the object is 
then effected by conduction. Hence the rapid heating coagulates the bacterial 
protoplasm and kills the organism. 

A Dry heat:— This is applied in the following forms, such as red 
heat, flaming and a current of hot air (Hot-air steriliser). 

(a) Red heat: -It is used for platinum wires, needles, ioreeps, searing 
spatula, i*tr. 

moistened with rectified spirit and then lighted. 

... , .«-• _ _t his was first introduced by 

(O Hot-air oven (Steriliser) i * ^ of all glass materials, such as 
Pasteur m 1876. 1 his is used to . etc., before being 

Petri dishes, test tubes, flasks, pipettes, thro 
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used for bacteriological purposes. These articles should be wrapped in paper 
prior to being placed in the oven. When removed, the paper will appear 
slightly charred, if the oven has been working properly. The desired tem¬ 
perature that is to be attained is 150 0 to 
2oo°C\ and exposure to this temperature lor 
an hour is sufficient to effect sterilisation. 



Fig. 29. 

Hot-air steriliser. 


Description of the apparatus (Fig. 30): 
— This is a rec tangular box of sheet iron 
or topper with double walls, furnished 
with a door and supported on legs. The 
chamber consists of an outer and an inner 
case, having an air-space of ncarh an inch 
between them. The outer wall of the appara¬ 
tus is provided with a thick asbestos sheet 
which lines all the surfaces excepting tin- 
bottom. The apparatus is heated by a ring 
o! gas burners which art arranged at the 
bottom on all sides ot the chamber except¬ 
ing the front. The hot air passes between 
the two jackets from below upwards, pla\s 


round all the sides of the inner case and 


escapes through the holes on the top of the outer case, which sene the pur¬ 
pose of regulating the current ol air. The top ol the apparatus is perlorated 
with a couple of holes, one lor the thermometer registering up to 250 ( ., 
whit'll is inserted through a cork, and the other 
for a thermo-regulator it neecssan . The thermo¬ 
meter passes down the interior ol the apparatus 
so that its bulb should reach about the top ol tin 
inner chamber. Two or more perforated movable 
shelves are provided inside the chamber lor put¬ 
ting in the articles for sterilisation. KlectricalK 
heated ovens are now often used in which the 
temperature can be maintained at the desired 
height by means of a regulator. 

Points tit he remembered in using the 
appa rat us :— 

(i) The glass vessels should be perfectly dry. 

If any w F ater remains in the glass ware, the latter 
is liable to be cracked. 

Fig. 30. 

(ii) I he oven must be cold before the Sectional <murrain of hot an 
apparatus is worked. All the materials are first -tonli^rr. 

put in the chamber, which is then heated to 

I 5°°C. from this point, the apparatus is worked lor one horn during which 
period, the temperature may rise up to 2oo°(\ The gas is then turned oil and 
the oven is allowed to cool. I he articles are kept in it, alter sterilisation, till 
the temperature falls below ioo°C., as sudden cooling is liable to ciack tlie- 
glass materials. 
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B. Moist Heat: —This is common¬ 
ly employed as ordinary boiling or 
steam. 

(a) Boiling: - This is useful for the 
sterilisation of syringes, instruments, 
gloves, rubber goods, etc. Boiling 
applied for twenty minutes to half an 
hour is sufficient to kill all the organ¬ 
isms including the spore-bearers. The 
addition of a i per cent, solution of 
sodium carbonate to the boiling water 
hastens the dcstrtn tion of spores and 
prc\ents the rusting of metal objects 
sterilised in this way. Addition of 
2 t<> 5 per cent, phenol to boiling water 
dcstro\s the anthrax spores in to to 
minut es. 

(b) Steam:— I his may be used at a 

more or less constant temperature of 
loo when it is without pressure 

(li\c or flowing steam I or at tempera¬ 
tures far exceeding kh> when it is 
list-1 under pressure {compressed 
steami. The former is applied in a 
Shtini st miner and the latter in an 
. 1 Httnla ;v. The efficiency of com¬ 
pressed steam is much greater than 
that of li\c steam. In both the cases, 

the steam 



Fig. 31. 

Koch's steam steriliser, 
is saturated, that is, it contains as 



much water vapour as its temperature permits. 
When heat is applied to steam, its temperature 
rises graduallv and finally it becomes dry. Such 
a steam is said to be superheated or unsaturat¬ 
ed and its disinfecting power is much less than 
that of saturated steam. 

( i) STEAM STERILISER (STEAM AT 
/(M r('. UlTIItWT PRESSl RE): This is 

emplo\ed for the sterilisation of media which 
are decomposed at higher temperature of the 
autoclave, c.g., gelatin and carbohydrate 
media. The method is extensively used in 
bacteriology and the apparatus most common- 
ly employed is •‘Koch’s Fig. 3 *) or Arnold’s 
steam steriliser ’ (Fig- 3 “) - 

DESCRIPTION OF THE APPARATUS 
Vl ) : _The apparatus consists of a 
cylindrical or re,: 'ar vessel of galvanised 
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iron or copper, supported on legs, and covered externally by some bad 
conductor of heat, such as felt or asbestos. It is provided with a movable lid 
which has a hole for the thermometer. Inside, there is a perforated tin 
diaphragm supported four inches above the bottom and a tap is fitted below 
for the withdrawal of water. The flask or other objects to be sterilised are 
placed on the diaphragm. Water is plat ed below the diaphragm to the depth 
of 3 inches and is boiled by means of a ring burner. Steam at ioo°t\ even¬ 
tually ensues, fills the space above the diaphragm and surrounds any flask or 
other objects standing on it. The advantages are that both the container and 

the contents are sterilised and as the medium is 
surrounded during sterilisation by an atmosphere 
of steam, no evaporation can take place from 
them. It is advisable to cover the cotton-wool plug 
of tubes or flasks with paper to prevent its becom¬ 
ing drenched with condensed steam. 

STERILISATION IS KFFFC*THI) 1\ TWO 
WAYS: — 

(i) (hie exposure f(tr one anil a half hours. 
Media such as nutrient broth or agar are usuallv 
sterilised by this method. On the other hand, 
media containing gelatin and sugars c annot be 
sterilised in the abo\e \\ay, as such a lrngthv 
exposure is detrimental. The method which is 
employed tor the latter is known as “Intermittent 
or fractional sterilisation.“ 

Fig. 33. ( I Exposure at /<*<>(’. tor jn minutes cm h Jay 

Sectional diapram of for j to S successive Jaw s (Intermittent oi tnn- 

tional sterilisation): -» I he principle <>t this method 
is that the primary exposure (sterilisation on the first dav ) is sufficient to kill 
the bacterium in its vegetative stape, the spores remaining alive. On lemoval 
from the steriliser, the spores, being in a favourable medium, assume vegeta¬ 
tive forms within the next twenty-four hours which intervene before the 
second heating. I he vegetative forms are killed In subsequent heating. In 
case any spores have not developed into vegetative forms during the first 
twenty-four hours, the process is repeated on the thud dav. I he third heat- 
tnp is thus an additional precaution. The process may be repeated if neces¬ 
sary . 

(ii) AVTOCLA IF. (STEAM I XI)ER I'RESSE RE): This is tin 
commonest and the most efficient means of sterilisation and is effected in the 
autoclave, first introduced by Pasteur in iK 7 h. This method cannot be 
employed for the sterilisation of sugar and gelatin media, as the former is 

decomposed at such a high temperature and the latter cannot be solidified on 
cooling. 

DESCRIPTION OF THE AUTOCLAVE (Figs. M & ., 5 | :~Tl.e auto¬ 
clave consists of a cylinder of gun-metal which is supported in a cylindrical 
sheet-iron case. It is provided with a removable lid which is fastened down 
to the boiler with screws and nuts and is rendered air-tight by means of an 
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asbestos washer. I he lid is furnished with (i) a stopcock, to relieve the 
pressure; (2) a gauge, for indicating the pressure and temperature and (3) a 
safety-valve, which can be set to “blow off” at any desired temperature. 
The contents of the apparatus are more or less the 
same as in the “steam steriliser,” i.e., a collection of 
water to a depth of about 3 to 4 inches at the bottom 
with a perforated diaphragm supported above the 
level of the water. The apparatus is heated from 
below by a ring of gas burners. 

PRINCIPLE OF THE AUTOCLAVE 
(STEAM AT HKiH PRESSURE):—For boiling, 
the vapour pressure of a liquid must be equal to the 
pressure of its surrounding atmosphere. As the 
autoclave is a c losed vessel, the water may be c aused 
to boil at a temperature highe r than its boiling point 
(ickT'C.) bv increasing the pressure inside it. Thus 
the temperature of the steam inside the autoclave 
can be raised by regulating the pressure inside. The 
temperature employed is usually 1 15-U ori2o°C. A 
pressure ot 15 lbs. to the square inch in addition to 
the ordinary atmospheric pressure* is necessary to 
raise the boiling point ot the water to !2<e( . \\ hen 

bacteria, including tin- spore-bearers, are exposed t< 
such a temperature tor 20 to 3° minutes, they are all killed. In such an 
apparatus tin- desired temperature is maintained bv a safety-valve w Inch is 
so adjusted as to blow oil at tlie requisite pressure. 

D 1 KIX"I IONS FOR I'SlNti THK Al’TO¬ 
OLWH:— Sullieient amount of water must 
remain at the bottom ot tire cylinder, and its 
depth should not be less than to _| inches. 
Put the perforated diaphragm inside the 
r\ tinder and arrange on it the materials to be 
sterilised. Place the lid in position and apply 
heat. Adjust the salety-valve Xo the re¬ 
quired pressure and leave the stopcock open. 
As the autoclave is heated, air is loreed out of 
the tap and eventually steam ensues. Make 
sure that all the air has been expelled from 
the cylinder which is evidenced by steam 
issuing freely. Then turn off the tap. The 
pressure now rises until it reaches the desiied 
level, when the safety-valve opens and the 
excess of steam escapes. From this point 
reckon the requisite time for sterilisation which 
is ’o to minutes as the case may be. When 
sterilisation is complete, put out the burners 
ric. ... and allow the autoclave to cool wel 

Sectional diagram of below xoo°C. ' open the stopcoc * 

autoclave. 
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to let out the excess of steam. Remove the lid and take tin* materials 
out. 

PRECAUTIONS: — 

(i) See that sullieient water is present at the bottom so that there is a 
residuum when steam is fully up, otherwise the latter is super¬ 
heated and the pressure gauge will not indicate the correct 
temperature. 

(ii) See that all air from inside the apparatus is driven out, otherwise a 

mixture of air and steam being present, the reading in the pressure 
gauge would be misleading. 

(iii) Allow the apparatus to cool below loo t . ; 
otherwise with sudden release of 
pressure, the liquid media, being ^t i 11 at a 
temperature ot abo\e ioo'C ., arc exposed 
to ordinary atmospheric pressure and 
thus will boil violently and are liable to 
be blown out of the tlasks. 

STERILISATION AT LOW TEMPERA 
TURE:— 

Ibis method is used tor sterilising (A) \ at tines 
and (H) blood scrum or media containing protein. 

A. Vaccines: —These are sterilised In heating 
at fx> U. lor one hour in a water bath ( 1 * i 14. T>!. 
Overheating should bt avoided as the immunising 
power is damaged thereby. 

B. Blood serum or other media containing 
protein: —A prolonged t \posure t<> a temperut mv 
(, 1 55° to fxrT*. will kill many organisms in the 

vegetative forms but will not coagulate the protein. I he media <ontainm^ 
scrum are sterilised as follows: — 

(1) Sterilisation without coagulation: —' I his principle is utilised in 
the sterilisation of serum which ma\ then be used tor the prepaia- 
tion of serum nu‘dia. I sually an exposure to this temperature in 
the water bath lor one hour lor \ to 5 sucecssne da\s is sullieient. 

(n) Sterilisation with coagulation: - I l>is is done in ;i scrum 

inspissator and the process is called inspissat ion. The requisite 
quantity ot scrum is put in a sterile test tube which is then heated 
in the inspissator for one hour at 75° to Xo-’C. lor to 5 successive 
days. This stiffens the serum without actually coagulating it as 
this temperature is just below the coagulation point of the serum. 

SERI i\l INSRISSA I OR (Fig. 37): —The apparatus consists of a rect¬ 
angular chamber made of copper with a water jacket around it and is heated 
by gas from below. The temperature is controlled by a gas regulator. Inside 



Fig. 36. 

Vaccine bath. 
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" K ' rhamh, ' r ,h< r< ' are S P ( -' ial «»v< r which the tubed egg or serum media 

an- placed m a slanting position. The racks can be adjusted bv means of 
-.crews so as to place the tubes at the correct angles to attain'the desired 
slopes. I he tubes are kept in the chamber each day for one hour at 75° to 
Ko V. lor 5 to 5 successive days. # 

STERILISATION BY FILTRATION :-This method is particularly 

used lor (a) obtaining soluble toxic products (exotoxins) of bacteria from 
tluid cultures and also for the manufacture of exotoxins and (b) investigating 
“ultra-microscopic or filter-passing viruses.” Ihe instruments used for the 
purpose are (ailed tiller candles, the pores of which are too small to allow 
the bacteria to pass through, kilter surfaces are of three main varieties and 
arc made nt tin- following: — 


(i) 1 )ki I nH'iit 1 >m.\ tit rlh ( l\ itsil i* uh r) 
filters: I hr t\pe filters arc 

Bn ki lt Id ((irrmanl and Mandlcr 
( \ merii am. 

(in I n^hr.iil I'ortthmi niiiilc [mm 
Kii 'lm <niil i t rliiiu ihhuixlnrc <>t 
siiuJ: Ihe t\pr filters arc 

IkiMi m -( hambt rland (I- renrhk 

| !m » and Masstn 

{< m r man ». 

I Ih-m' t \ t» t \ |)r s ' <»t li!i« i*n arc made in 
& lit ham <*l < v lmdn< al In *11« *\\ i andlcs. 

(Mil I s h S I • • .S ill s, ; lilt t\j)c filter is 

Sol/. I hi" Inrni Iia" tin' ad- 
xantatp tiiat altii um- tin discs 
an dm aided and a new mu* is 
cinpk »\ t c 1 h *j i a« li lilt i at i< >n. 

I'mtiici dtlaiU «»n lilt i at i«> 11 arc des¬ 
cribed in tin < hapti i mi liltciablc viruses. 


n 



Fig. 37. 

serum inspissator. 


STERILISATION BY CHEMICALS:— 


i. Volatile antiseptics , c.i:.. chloroform. lliis is used in the propor¬ 
tion <>| <>J3 p, i mil. lor sterilisation of serum tor culture media. Ihe 
chlorolorm can he temoxed l>\ heating to 57 ^ • before the scium is used. It 
is aUo nnpiowd tm preservation ot serum and media in bulk. 


Antiseptics of the phenol group:-W .enol (carbolic acid) in 0 5 
per rent, solution is used tor preserx ini; sera and xaicints. ai 30 sa * ne 

(normal saline containing 0*5 per rent, phenol) is used as the \ence e 
bacterial vaccine; the phenol inhibiting the growth of contaminating mou s. 
I.X sol u per cent., and cool , 5 per cent.) are chiefly used m the laboratory 
for Me, Mixing smgi. al instruments, discarded cultures, infective materials 
Mich :is anil hi. cli-inl- linn 'he hands and working tables. 

.1. Metallic mlU: Tin- i.iiponnn, in .his gw* 
solution of percj^loride of mercury, particular!} use or w 
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MAINTENANCE OF STERILITY 


It is necessary that media, apparatus or other materials are to be kept 
in a sterile condition. To avoid subsequent contamination with aerial 
bacteria, non-absorbent cotton wool is frequently used in the bacteriological 
work. Cotton wool plugs or stoppers should be about> 
in. long, i in. being inserted into the mouth of the 
tube and ^ in. projecting. They should fit firmly, but not 
so tightly as to render their removal difficult. 



Tubes and flasks are protected from aerial contamina¬ 
tion of dust and micro-organisms by means of cotton¬ 
wool stoppers. These may however be coveied with 
sterile paper tied over them or sterile rubber stoppers 
may be used in some cases, particularly when stored lor 
a longer period to avoid dning of the medium. Tetri 
dishes and pipettes should be wrapped in papers before 
sterilisation and are to be taken out onh at the time of 
use. C apillary pipettes are best sterilised with their ends 
sealed in copper boxes. Ampoules are sterilised with the 
neck sealed. Measuring pipettes, used tor complement 
38< fixation test, are steriliseefb\ wrapping them up m papei, 

Syringe -denli^d in( l closed with a pellet of cotton wool. 

and kept ready for Syringes mav be kept sterile, bv putting them in suitable 
drawing hlood. ' r . i 

test tubes, needles downwards. I he svrmgc is fitted m 

the test tube with sterile cotton wool plug, the whole being covered with 

paper. This is arranged as shown in Fig. The whole arrangement 

may then be sterilised in the autoclave and kept in stock, to be used whenever 

it is required. 



CHAPTER V 


PREPARATION OF CULTURE MEDIA 

I hr materials used lor the preparation of culture media depend largely 
cm the natural recpiirements ol the particular organism. Most of the patho¬ 
genic bacteria with which we arc concerned, require a medium which roughly 
corresponds to the composition and reac tion of the body fluids and are 
dcri\cd Irom the flesh and fluids of animal bodies. In the early days, a 
watciy extra* t of meat was considered to he rich in nutritive elements 
necessary lor ba< terial growth hut it was soon found out that except the 
e\tra* ti\es and the salts, it did not contain much nourishment. Later on, 
to increase its nutritive value, it was necessary to add various split products 
of protein digestion, such as peptones. Although the qualitv of culture 
medium was in this way considerably improved, the only medium available 
was a liquid om whi* h did not allow the isolation of bacteria in pure culture. 
It was Robert Koeh who, in 1NN1, first introduced solid culture media in 
the study of bacterial growths, particularly for their separation in pure 
* ii 1 1u11- fmm a mixture. He added gelatin to his liquid medium and thus 
obtained the first solid culture medium. Such a medium, however, melts 
at J4 i.e., at a temperature much below that of the body and thus is 
unsuitable for the growth of main delicate bacteria which grow' best at 
blond heat (A 7'5 ^ k A^ar (obtained from Chinese sea-weeds) which remain¬ 
ed solid at a temperature much above that of the body and which does not 
melt below **S l’., was substituted for gelatin. Thus the basal media which 
are stocked in the laboratory are either a fluid medium, bouillon (usually 
tailed broth) *>r solid media, nutrient agar and gelatin (broth solidified by 
the addition of agar or gelatin). The great majority of bacteriological cul¬ 
ture media are prepared from these basal media and enriching materials may 
be added tor special purposes. 


GENERAL TECHNIQUE 

Preparation of glass ware :— 

(i) All lieu glass wares should be dcaiu'd with h i per cent, nitric acid 
to dissolve am excess ol alkalis and subsequent!) treating them with a 
weak solution ol caustic soda (one per cent.) to neutralise all traces of the 
acid. They may now be washed and cleaned in running water to remove 
any trace of the chemicals used. 


Old glass wares, which have already been used for cultural purposes 
and which might contain actual growth of virulent micro-organisms require 
a thorough and careful sterilisation before mechanical cleaning and wash¬ 
ing. This mav be done either by heating them in an autoc ave or by pro¬ 
longed boiling.’ After this process, they may >*■ mechanically cleaned with 
fuller’s earth or soap suds and washed thorns n tap water. 
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(2) Alter washing, all gdass wares should he allowed to dry completely. 
This stage mav be considerably expedited by keeping all materials in a suit¬ 
able position to allow the water to run down by gravity. An equipment, 

like tlit* one shown in Figure * s ron ~ 
venient for flasks, test tubes, etc. When 
thev arc thoroughly dry, tin- test tubes, 
flasks, etc., should be plugged with non¬ 
absorbent cotton wool. The Petri dishes, 
when dry, should be wrapped in paper. 

(}) After plugging, they are sterilised in 
hot-air oven for one hour at 150° to 200 V. 
All care should be taken so that the tempera¬ 
ture does not go above 2oo'(\, because in 
that case 1 a browning of the cotton plugs and 
charring of the paper occur, and the glass 
is apt to be blackened by the burning of the 
grease and other organic materials derived 
from the cotton plugs. 



Fig. 39. 

Draining hoard. 


Recentlv the use of m rciv-capf'cil stcriliscit bnitlcs (Fig. p>) as supplied 
bv the United (ilass Bottle Manufacturing Co., London, has been advo¬ 
cated by McCartney in the preparation and storage of rultmc media ( I hi 
Lancet, August 10, The bottles may be used re¬ 

peatedly, alter properly (leaning them and using fresh 
screw caps even time. As substitute lor flasks and test 
tubes with cotton-wool plugs, tlu*\ are \cr\ useful for 
small laboratories and long distance transit, as the media 
undergo very little desiccation during storage or transit 
and remain sterile indefinitelv. 



Methods of clearing media: - 


(a) By adding white of eggs: -Hearing of media 
is carried out with eggs if the media do not contain any 
coagulable protein. The white of some eggs (one egg 
to each litre of medium) is beaten up with a little water 
and added to tin- medium, which, if hot, as in tin case 
of the melted agar or gelatin, must first be cooled to 50 J 
to 55°C. The flask containing the medium is heated, 
shaken vigorously to break up the eoagulum and again 
steamed for 15 minutes. Ihe medium is now filtered. 
The coagulation of the albumin precipitates the fine parti¬ 
cles present in suspension. 

(b) By filtering through cotton wool: Filtration 
is best done through cotton. A square* piece of absorbent 
cotton is split horizontally giving two squares of equal 
size and one is placed above the other at the bottom of a 
large glass funnel, in such a way that the direction of 
the fibres of the one is at right angles to that of the other. 


Fig. 40. 

Section o! a "i lew- 
rapped bottle in 
tin* preparation 

aii.l ntoraur ot ml 
tur** timlia . Tin* 
rdiuib'd ana dio«.« 
tin* position of tin* 
lin'dtmu for a slop*' 
culture. < lly kiln! 
pcrniiNMioii ot '‘the 
Lancet"). 
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Mir funnel should be warmed in the ease of gelatin and agar. The coagu¬ 
lated albumins settle on the cotton and art as a part of the filter. 

(< ) Filtering through paper: —Many media may be efficiently cleared 
by filtration through dose filter paper without the aid of coagula. 

Setting of media: I he larger the surface area available for stroke 
cult lire, the more useful is the medium for the isolation of separate .colonies 
from a mixtuie. Solid media in tubes are usually set either in an upright or 
sluprJ position. \ he upright tubes are used for stub or shake cultures or for 
storing a medium in small lots (e.g., making of plates). A slope is designed 
to gi\e a wide surface area. Upright tubes are simply allowed to stand ver- 
ti< ally to soiidily. I*or slopes, the tubes are allowed to solidify on an incline, 
hoi gelatin tubes it may be necessary to slope them in a trav with fairly cold 
water. Plates will set fairly quickly when left horizontally on a table. 


PREPARATION OF BASAL MEDIA 


NUTRIENT BROTH (BOUILLON) 

Substances required :— 

Fm sh la art muscle (minced), preferably from beef 
Water 

Peptone (Witte’s) 

Sodium < hlmide (chemiealh pure) 


500 gms. 
1,000 c.c. 
10 gms. 

5 £ ms 


Technique :— 

(i) Making of watery extract. 

(u) Preparation of bouillon. 

(mj \djustmen* ot reaction (Iitrationj. 
(i\ 1 h ilt rat ion. 

(y) Tubing of media. 

(\ij Sterilisation. 


(ii Making of watery extract of meat:— Fresh heart muscle (prefer- 
;,hl\ os-lu aii) is used for tile purpose. It is freed from fat and blood vessels 
and minced in the mincing machine thrice to make it very fine. 500 gms. ol 
mine d meal air added to 1 litre of tap water in a clean glass jar and covered. 
I lie jar is kept in the ice chest over-night. Next morning, it is taken out 
and boiled geiitb in a metal \essel for half an hour. It is then filteied 
through ordinan filter paper and the filtrate is made up to the original volume 
with distilled water. The final product is clear and light yellow in colour 
and possesses a sweetish odour. 


(ii) Preparation of bouillon:-Sueh a meat extract is not a suitable 
culture medium as the proteins are removed by eoagulat.on and f.ltrat.on and 

.1 1 m'ikt* oood tlu* deficiency in the abo\e, two 

the stilt content is also poor. I o make goou mi - ,. 

ingredients. vi/„ peptone (Witte's) .0 grants and chemically pure sod 

chloride 5 grams, are a,hied. The mixture e . '"-anted J hItam hUn 

User fur 20 minutes to dissolve the peptone. 
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(iii) Adjustment of the reaction Correct adjustment of the reaction 
of culture media is essential for their proper utility. Bacteria are highly sen¬ 
sitive to differences in the acidity and alkalinity in reaction, i.e., to differences 
of hydrogen-ion concentration. Excessive variations may completely inhibit 
their growth while moderate variations may markedly modify the cultural 
characteristics. Majority of tin* pathogenic microbes prefer a slightly alka¬ 
line medium, e.g., a reaction similar to that of body fluids. The following 
are the various methods by which the reaction of broth is standardised ' - 

(a) SIMPLE METHOD: ~ The simplest method consists in adding acid 
or alkali as the case may be till the medium is slightly, but distinctly, alkaline 
to litmus paper. 'Flu* test paper must be immersed in the liquid, and the 
blue paper should remain unaffected. 

(b) PHEXOLPHTHALEIX METHOD:-( Eyre’s method) The titra¬ 
tion of culture media w ith plu nolphthalein as an indicator is not accurate, as 
it takes no account of the “Buffer" substances present in consideiable quan¬ 
tities in culture media (e.g., peptones, proteins, phosphates, etc.). Hence it 
is losing favour and is rapidly being replaced by hydrogen-ion concentration 
methods. According to Eyre’s scale, the reaction ot titreof media is express¬ 
ed by the number of cubic centimetre of \ T alkali or acid required to render 
one litre of the medium exactly neutral to Phenolphthalein. The sign 1 
(plus) is placed before the number, il the original solution reacts to acid and 
the sign (minus), if it is alkaline. For example, when the rent lion is 
expressed as + iu, it means 10 c.c. of \ i N’aOli are requirt'd to make a 
litre neutral 

(c) PH (H V D ROD EX-I( > X / M E l'H(>D: -This is the most accurate 
method. PH values c an be determined electrically, but colorimetric methods 
of estimating pH values are generally used in Bacteriology. The indicators 
used consist of organic' colouring matters and each has a definite pH range 
and is only of use within that range*. The ne utral points do not coincide and 
what is acid by one indicator may be- alkaline according to another. For 
instance, litmus is red at pH 5 or le ss, purple at pH 7 and blue at pH 8 or 
over. Phenol red solution is yellow at pH b S, red at pH No and pink at 
pH 7*4. Several firms sell indicators of varying pH range. Standard tubes 
of phenol red of known pH values with definite conc entration are \ery suitable 
for media work. The hydrogen-ion concentration is thus standardised b\ the 
Comparator method, either using standard colour tubes and a Uomparutoi 
box or Hcllige Comparator with non-lading standard colour glass plates. 

USE OF STANDARD COLOUR TUBES: I lie following materials 
are required for the purpose: — 

1. A set ot 8 sealed standard tubes having a range- of pH varving from 
6*6 to 8*o with a difference of pH o'2 between each tube and the next. 
(Fig. 41;. 

2. Cordite (hard white* glass) tubes of a uniform thickness of wall 
and bore and identical with standard pH tubes. 

3. A colour-comparator box, consisting of a rack to bold two rows of 
three cordite tubes and having a ground glass at the back to disperse the 
light. 1 he use of the comparator obviates the interference of colour judg¬ 
ment due to the colour of the media. 
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4. Phenol reel solution (001 per cent, in distilled water). 

5. Mil ro-burette measuring upto o’oi c.e.; pipettes of 5 c.c. and o'5 
c.c. ; X 10, X 1, and ioN, XaOH. 



are planed. In 


Mi'thnJ: In the comparator rack the tubes are arranged as follows 

(Fig. 4-’). In 1 and standard pH tubes are placed and ii a reaction of 
pH S is required, standard tubes of pH 7*8 and 8 respectively, are placed in 
position. In front of 1 and 3, i.e., in 4 and 6, tubes containing medium only 
tube containing distilled water only is placed. In 5, a 
tube containing 5 c.c. of the medium and 0*5 c.c. of 
a 001 per cent, phenol red solution is placed. It 
will be seen from the above that the light trans¬ 
mitted through each pair of tubes passes through 
(i) a tube of tin* medium, and (ii) a solution ol an 
indicator. The alkali is now added in tube 5 in the 
form of X 10 XaOH and is run out in measured 
quantity from the microburette. The amount of 
alkali necessary to bring the tint to match with the 
tube is noted. The process is repeated and the 
average of two readings is taken. From the amount 
alkali used for 5 c.c. of broth, it is easy 
calculate the amount of decinormal, normal or 
decanormal XaOH to be used per litre to give 
it a pH of 8. 



of 

to 


Fig. 42. 

Comparator l»ox **et up 
tor tin* adjustment ol 
r e it c t 1 o 11 of tin* 
medium. 


The defect of this apparatus is that the colour 
of the standard tube Rets fainter and fainter spee.- 
. . lllv on frequent exposure to light. Hence Hellige 

„„„„„„„ pi'rmiiiK'iit e'“ 5 P lalcs » 

cently gaining favour. 
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HELLIGE COMPARATOR:—The instrument consists of the following 

(Fig. 43 )= — 

(i) A metal housing. 

(ii) One prism for bringing tlu* colour fields into juxtaposition and con¬ 
sequently increased accuracy of reading of the registrations. 

(iii) Two acid-proof vitrified troughs with plane-parallel walls to receive' 
the liquid to be analysed as well as the liquid with the addition of indicator. 

(iv) Four gauged test tubes for measuring the test solution. 

(v) A colour disc' with a series of round standard colour plate s (o or 10) 
disposed in a revolving circle, eac h calibrated tor the partic ular indic ator and 
representing definitelv determined pH values with a progressive* interval nl 
0-2 pll. A special colour disc being used lor each range- ol indicators. 



standard 
COLOUR DISCS 


Fig. 43. 

Hc-lliia* comparator. 

(vi) A white or blue frosted glass plate-. 

(vii) ioo c.c. bottle of indicator solution and a measuring pipette. 

(viii) A stand to fix the comparator at eye-level on the- working table. 

Method: — (Fig. 44). A measured quantity ( 10 c.c.) ol tillered sample 
is placed in each ol the two troughs. lo one in the- right hand receptacle 
is added the indic ator solution (0*5 c.e. ol 002 per cent, phenol re I), as spec i- 
ficd in the disc'. Now il a reac tion ol pll S is required, b\ revolving the- disc, 
the corresponding glass standard is placed opposite the tube containing tin- 
sample without indicator; the- number is read oil from one- ol the- dial holes. 
N/20 \a()H is then added to the sample- containing the- indicator and the- 
colour is matched through the* aperture of the* metal case. 1 urbiditv or 
colour of samples being compensated by interposing a tube- containing the* 
sample alone between the* glass standard and the* light against which tlie- 
fields are compared. I he* amount of alkali required le> titrate 1,000 c.c. 
of the sample to obtain a reaction of pH S c an easily be c alc ulated out. 




hellige comparator 
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It should be remembered that with each steaming and autoclaving, 
pH value falls by 02, and this fact should be borne in mind in setting the 
initial pH, so that the ultimate value may coincide with the desired pH. 
Htuic e the initial pH value should be fixed at 8. After the titration when 
tin* alkali is added, the broth becomes turbid again. For this reason, it 
should be steamed lor half an hour. When cooled, it is filtered and some 
more distilled water is added to make it upto 1,000 c.c. During this pro¬ 
cess the original pH value falls to about j' 8. After tubing when the 
medium is finally sterilised in the autoclave, the pH value falls again, thus 
rca< king a figure of about j (). 



Fig. 44. 

HHhpe comparator set up tor the adjustment of reaction 
of the medium. 

(iv) Filtration: —As mentioned just now. after titration, the media 
are cleared by filtering through filter paper (p. 53). 

(v| Tubing of media:—Tile medium is then placed in a large glass 
funnel filled to the discharging glass fill).' by a short piece oJ rubber tub¬ 
ing provide ,1 with a thumb cork. The plug is removed from the sterile 
n.be ol 3 x ; inch, si/e and the glass outlet thrust deeply into the 
test tube (Fig. 431 . About 5 to to c.c. are distributed in each tube and 
plugged with cot ion wool. Care should be taken to prevent the medium 
from touching the upper portion of the tube otherwise the cotton " <K ‘ 
plugs will adhere to the wall of the tubes. For making blood >' •- 

larger quantities of from 75 •» »* ,ht ' bro,h a "‘ PUt l ‘ P 

and plugged with cotton wool. 

(Vi. Sterilisation:—Alter tubing, the ...Imre tubes are again Steri- 
(\i) otei liisaiiuii. . , tor 2G minutes. Finally 

Used in the autoclave at -- lbs. P^urc , pos , tion . 

they are stocked in a covered jar and ait 




58 


PREPARATION OF CULTURE MEDIA 



Fig. 45. 

Distribution of iiifiliuiii into tubes. 


Uses of broth :— 

(1) As a basis tor tin* preparation ot other media. 

(2) As a preliminary for cultivation when the organisms are scant\ in 
the material. 

(3) For investigation ot soluble toxic products o! bacteria. 

NUTRIENT AGAR 

Composition :— 

Standard broth (pH 7‘S) 

Agar fibres 

Casein sodium or nut rose 

White of egg (hen's) 

Technique :— 

(>) Making ot the media. 

(ii) Filtration. 

(iii) Distribution ot media. 

(iv) Sterilisation. 

(v) Setting 1 of media. 

(i) Making of the media: —The above substances are put m a flask, 
plugged tightly with cotton wool and the mouth is wrapped up in paper 
and cloth securely so that the agar fibres may not come out. 'I His is now* 
autoclaved tor half an hour at 20 lbs. pressure (i2o°C). C asein sodium 
Or nut rose is added to the broth for enrichment purpose and the white of 
egg for clearing the medium. 


1,000 c.c. 
ju to 30 gram* 
10 grams. 

One 



nutrient agar 


50 


("> Filtration:—After autoclaving, the medium is filtered through 
cotton wool (see page 52). The filtrate is now measured and if the volume 
IS less than the original, more distilled waler is added to make it up to 
i,o(K) r.c. 

(iii) Distribution of medial— Alter filtration, the medium is either 
storked in hulk or put up in test tubes of 6" x jf sizes in the same 
\\a\ as described lor nutrient broth. I he following 1 an* the approximate 
quantities of the medium required for \arious purposes :_ 

Sloped tubes r 

1 / r.c. 

/ pright tubes (tor plate culture) jo c.c. 

Deep upright tubes j- CtCt 

|iv) Sterilisation: —After distribution, the tubes are sterilised in the 
autoclaxe tor 20 minutes at 20 lbs. pressure (i2o°C). 

(x ) Setting of medium: —In order to obtain the agar slopes for 
iiiltural purposes, the finished medium is allowed to set in a slanting posi¬ 
tion, a** show n in Figure 4b. The inclined position will be such as to 
enable the medium to occupy half the length of the test tube. After set¬ 
ting, the tubes are storked in a vertical position in a covered jar which 
max be kept in a cool dark place, preferably in the cold chamber. 



Semmr of thi* medium in an inclined plane to form slopes. 


Xote: Nutrient agar max also be storked in upright tubes which may 

be utilised for making agar plates, bor this purpose, it is only neeessarx 
to melt such a tube and pout the medium in a sterilised Petri dish and 
allowed to solidity in a horizontal position. 


Uses of agar :— 


(1) As a routine medium for the cultivation of most of the pathogenic 
bacteria. 

(2) For isolation of separate colonies from a mixture. 


Xote: Sloped tubes are used for stroke 

tubes art* meant for stab cultures, shake te 
(Vide making of cultures). 


cultures, whereas the upright 
• ... and making of plates. 
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NUTRIENT GELATIN 

Composition :— 

Standard broth (pH 7*8) ... 1,000 c.c. 

Gelatin leaf (French gold label) ... 150 to 200 gms. 

Technique: —To broth is added 15 to 20 per cent, of leaf gelatin 
(best French gold label or Nelson’s photographic gelatin). As autoclaving 
robs it of its setting property, it is best dissolved by steaming for half an 
hour. While the gelatin is in solution, pH is adjusted to 7 (>. After titra¬ 
tion, white of one egg dissolved in 30 c.c. of distilled water is added. It 
is then steamed for half an hour and filtered through cotton wool. The 
medium is tubed, sterilised by fractional method (p. 4O) lor 3 (lavs, cooled 
rapidly and stored in the cold chamber. 

Kate: —In the tropics, it is very difficult to keep the gelatin medium 
solid. It mav however be conveniently rendered still* by adding 10 gms. 
of agar to each 1,000 c.c. of the mixture, the clearing of the medium being 
done with white of eggs. Even then, owing to the low melting point of 
gelatin (24°t\), it is very difficult to control and to use gelatin medium for 
cultural purposes in the tropics. 

Uses :— 

(1) For thftse bacteria which grow best at atmospheric temperature 
and not at that of the animal body. A cold incubator at 22 U. max be 
emploved or in the* tropic s the medium max be incubated at room tempera¬ 
ture, during the Winter Season. 

(2) To study the biochemical activities of certain bacteria rcgaidmg 
the liquefac tion of gelatin. 

SPECIAL MEDIA 

SPECIAL MEDIA FOR COCCI 

Although some of the common cocc i, suc h as Staphylococci and Strep¬ 
tococci, can grow well in the ordinary basal media, there* are others, such 
as Diplococcus pneumonia', Xeisseria gtonorim ic and Xcis.'cna mcnitigi- 
tidis, which fail to grow unless the* media are nriehed b\ some animal 
fluid. This is because, the* latter group 0} organisms has no saprophxtic 
existence and they are always found pathologicalh in the* animal tissues. 
By the addition of body fluids to the* basal media, we trv to imitate* their 
natural environmental conditions and hence* they arc* suitable for their 
growth, 'flu* animal fluids which are- added for the- purpose of enrichment 
are blood or some- elements of blood (serum) or other native albuminous 
substances, such as ascitic*, hydrocele- or ovarian fluids. The* following 
special media arc* commonly used. 

(1) Bind smeared agar. 

(2) Blood agar. 

(d) Serum agar. 

(4) Hydrocele or ascitic, llaid agar. 



blood agar 
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BLOOD SMEARED AGAR:— This is a very useful medium for emer- 
K <-"« y purposes and is made as follows. A few drops of blood arc collected 
ascptieally into a sterile pipette and a few drops of it are smeared on the sur- 
laee ol each agar slope and allowed to clot in the sloped position. 

BLOOD AGAR:— 

A. WITH DEFIBRINATED BLOOD:— 

Composition :— 

Nutrient agar (at 50° to 55°C.) ... j 0 o c.c. 

Defibrinated blood - to 20 c.c. 

Technique :— 

(1) Preparation of defibrinated blood :—Blood is collected in a sterile 
flask containing some sterile glass beads or broken pieces of glass. Human, 
s beep s or rabbit s blood is collected aseptically and defibrinated by vigorous 
shaking. 

(ii) Making of the medium: —100 c.c. of stock nutrient agar are melted 
in a flask and sterilised in the autoclave at 20 lbs. pressure for 20 minutes. 
When it i> <<»<»led down to 50" to 55^'., sterile defibrinated animal blood is 
added aseptically in \ar\ing proportions, from 5 to 20 per cent. The con- 
tents are mixed In rotating the flask rapidly between the hands. 

(ni) Tubing of the medium: —The material may then be tubed and 
sloped or plated as desired. Tubes must be sterile and filled with strict 
asepti* precautions. After setting, the tubes or plates arc incubated for 
2 | hours before use and contaminated ones art* discarded. 

Note: In order to economise the material, it may be poured over saline 
agar slants and sloped so as to form a uniform blood agar layer over the 
saline agar. About 2 to 3 c.c. of blood agar are poured over saline agar 
slopes (5 c.c.) and allowed to set in the inclined position. The mouth of the 
flasks and test tubes should be flared at each step. 


Preparation of saline agar: — 

Normal saline ••• 5 00 c,c * 

Agar fibres 10 £ ms * 

Technique: _This is exactly the same as in the preparation of 

nutrient agar. 

B. WITH CITRATED BLOOD: —This may be used in place of defibri¬ 
nated blood. 

Preparation: —About .-5 c.c. <•' •' 5 P‘ r sodium citrate solution 

arc taken in a Hash and .-s c.c. of human or rabbit s blood are added to rt, The 
contents an- mixed thorough to prevent coagulation by rapidly rotating the 
flask, the resulting mixture containing about o'5 per cent, sodium citrate. 
This i-itrated blood will keep in good condition in a coo. place, for ( about » 
week. As the cells will sink to the bottom, the flask should be well shaken 

before use. 
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Uses of blood agar :— 

(r) For the growth of many delicate microbes which do not grow in 
ordinary media, e.g., D. pneumonia*, N. gonorrhoea* and N. meningitidis. 

(2) For the detection of haemolytic property of many bacteria. 

(3) For the differentiation of various strains of some organisms, e.g., 
Streptococcus. 

SERUM AGAR:— 

Composition :— 

Melted nutrient agar . . 300 c.c. 

Sterile serum (uncoagulated) 50 c.c. 

Note: — The medium contains about 14 per cent, scrum. 

Technique :— 

(i) Collection of blood serum: ~A convenient receptac le is a large 
enamelled pail with a lid or a glass basin, as shown in Figure -47, which 
should be sterilised in the autoclave. Blood should be collected, with as 

much asepsis as possible, from a slaughte r-house. 
The \ essel should be two-thirds full and kept in 
the refrigerator or ice-chest nxernight. The 
adhering c lots max be- freed from the sides and the 
vessel should be allowed to remain undisturb¬ 
ed either on the- table* or in an incubator. The 
separated serum may be used at onee for making 
media or stored tor future use with o'25 pe r c ent. 

c hloroform or 10 per cent, ether, in tightly corked 
CJla j-!- Im-m tor collecting ., , , ... . ‘ . , 

Mood serum. Masks in the- cold storage*. II the serum obtained 

has a red colour indicating the- presence of red 
blood corpuscles, the latter can be remoxed by centr'dugalisation and the 
clear serum carefully secured. Before using the* serum the* preservative max 
be driven off by heating at 45-U. 

(ii) Preparation of serum agar:— Stock nutrient agar is melted in 
an autoclave and xxhen it is cooled down to 50° to 55 C U., it is kept in a water 
bath at 50°U. With a sterile measuring pipette*, the required amount of 
serum is added to it gradual!'. The mixture is shaken and distributed as«*p- 
ticallv in the usual xvay and sloped or plated as desired. As this medium is 
indistinguishable* from ordinary nutrient agar, all tubes or plate*s should be 
carefully labelled. 1 ube*s are incubated before* use to avoid contamination. 

Uses Of serum agar:— Same as that of blood agar. 

HYDROCELE OR ASCITIC-FLUID AGAR:- These are* made in the* 
same way as serum agar. In tubes of melted nutrient agar (4 per cent, 
agar) at 5o°C., 1 to 3 c.c. of hydrocele or ascitic-fluid are added aseptieally. 
Slopes or plates are then made with the same precaution as in blood or serum 
agar. Tubes are incubated before use. 
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Collection of fluid:- I hcsc arc collected ascpticallv with usual precau¬ 
tions from operation theatres. They are stocked in a cold chamber. Ascitic 
fluid wttes «teatlv m reaction and composition and on the whole it is not so 
equally good as the hydrocele* fluid. 


Uses:-- I hese are particularly used for the cultivation of N. gonorrhoea; 
and X. meningitidis. 


MEDIA FOR CORY NEB ACTERIUM DIPHTHERIA 

•' > ORDINARY SERUM MEDIA: —After collecting the sterile 

serum in tilt* way described before, it is distributed in 5" x g" sterile test 
tubes. About 5 c.c. ot the sterile serum are put into each tube ascpticallv by 



Fig. 48. 

Preparation nt -ertini medium. Serum it* pipetted asep* 
Orally from the k1h.h> haMti into te«*t tubes. 


means of a sterile pipette (big- 4^1* 1 hey arc then placed in the serum 

inspissator in an inclined position (so as to obtain the desired slope) and 
sterilised l>\ fractional or intermittent method, i.e., on the first day they are 
exposed to No C. for t hour, on the second day to 75°C. for half an hour and 
on the third <la\ again to 75°C. for hall an hour. By this process, sterilisa¬ 
tion and inspissation are carried out at the same time. 1 he media are in- 
cubated before* use. 


-v LOEFFLER’S SERUM MEDIUM: — 
Composition :— 

Sterile standard broth with 2 per cent, glucose 
L’ncoagulated serum from ox, sheep horse 
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Technique: —The serum is collected in the usual way and the above 
constituents are put in a sterile flask of 500 c.c. capacity. They are mixed 
thoroughly and may be warmed, so as to remove the chloroform from the 
stock serum. About 5 c.c. of the medium are taken out by means of a sterile 
pipette and distributed asepticallv into 5" x **" sterile test tubes which are 
put in the serum inspissator tor sterilisation and inspissation in a sloped 
position. 

~) V 3. SERUM AGAR:— T his is an excellent medium for the growth of 
C. diphtheria'. For preparation see page 6j. 

4 DORSET’S EGG MEDIUM:— 

Composition:— 

Fresh hen’s eggs 

Distilled water 

Technique:— 

The eggs are thoroughly washed under tap water and then placed in a 
saturated watery solution of corrosive sublimate for 15 minute's. They are 
washed again in running tap water. The shells art* then sterilised with abso¬ 
lute alcohol after which the eggs are broken into a sterile wide mouthed glass 
beaker, handling them with sterile rubber gloves. For each egg, () c.c. of 
distilled water are added and thoroughly mixed by vigorous shaking until 
a thin paste is formed. The mixture is then filtered through sterile cloth 
and the filtrate is distributed asepticallv in quantities of 5 to 7 c.c. into 
sterile test tubes, the mouths being flared at each step. They are then 
sloped and sterilised in the serum inspissator by fractional method. 

5. TELLURITE MEDIUM (of Douglas, Allison and Ay ling).—This 
is a selective and indic ator medium. 

Composition :— 

Serum (ox or horse) ... loo c.c. 

Liquor trypsin Co. (Allen & Hanbury’s) ... S c.c. 

2 per cent, aqueous solution of potassium tellurite 

(British Drug House) ... 10 c.c. 

This mixture is allowed to stand in the cold for j hours and sterilised 
by filtration through a Seitz filter and stocked. 

Preparation of the medium :— 

Nutrient agar, melted and cooled to 5o°C. ... 100 c.c. 

Tellurite mixture (stocked as above) ... 10 c.c. 

10 per cent, copper sulphate solution (B. D. H.) ... 0 5 c.c. 

The above are put in a sterile flask and after thorough mixing, are distri¬ 
buted as slopes or plates in the usual way. This medium is selective for 
Diphtheria and Diphtheroid bacilli, the growth of other bacteria of the throat 
being inhibited. 


4 

•M c.c. 
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MEDIA FOR MYCOBACTERIUM TUBERCULOSIS 

1. GLYCERIN BROTH:— 6 to H per cent, glycerin (specific gravity 
1*25) is added to littered nutrient broth and sterilised by fractional method. 

2. GLYCERIN AGAR: —5 per cent, glycerin (Sp. gr. 1*25) is added 
to filtered nutrient agar and sterilised by fractional method. 

4. GLYCERIN EGG MEDIUM: -One part of saline glycerin (6 per 
cent, glycerin in normal saline) is added to three parts of beaten eggs. The 
latter are prepared in the way as described for Dorset’s egg medium. 

4 GLYCERIN POTATO MEDIUM: -Potatoes are used as slices 

in tubes. A large, long potato is well washed, scrubbed thoroughly with a 
brush under the tap, dried and peeled with a clean knife. Cylindrical slices 
^^ ol I diameter are cut oil by means of a large cork 
»V- ' ' borer or an apple corer and are divided obliquely (Fig. 

40A); the diseased or bruised parts are rejected. The 
slices are soaked in water over-night and are then 
placed in h per cent, glycerin in saline for one hour. 
Alter this each piece with its thick end at the bottom 
is placed in a special test tube, such as Ehrlich’s or 
Roux’s (Fig. qoBh with about 5 c.c. of glycerin and 
subjected to steaming for 30 minutes. 

5. DORSET’S EGG MEDIUM:— This is the 

same as that used for C. diphtheria*. The medium 
may be modified by the addition of 6 per cent, glycerin 
in normal saline (0*85 per cent.) in place of distilled 
w ater. 

h. PETROFFS MEDIUM: — 

Composition: — 

(i!\ccrinated meat juice ... 400 c.c. 

Egg filtrate ... 200 c.c. 

Alcoholic solution of gentian 

violet (1 percent.) ... 6 c.c. 

Mix well and distribute in 6" x J" test tubes. 
Sterilise in sloped position in the serum inspissator b} 
fractional method. 

Technique :— 

(i) Preparation of glycerinated meat juice: -5° ^ rams °f fresh 
meat (beef or veal) are finely minced and mixed with 212 grams of distilled 
water and 47 5 grams of glycerin in a sterile fla- The whole is placed in 
the ice-chest overnight and is then filtered thn , rile gauze. 

(ii) Preparation of egg filtrate:-. (. are sterilised by 

immersing them in a vessel containing 70 per 'ohol, the whole being 

placed in a water-ball, at 7 o°C. for .5 minuL eggs are then broken 
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into a sterile flask, handling them with sterile rubber gloves. The white and 
yolk of eggs are thoroughly beaten up by shaking and filtered through a 
sterile gauze. 

(iii) Preparation of alcoholic solution of gentian violet:— 

Gentian violet ... 0*5 gm. 

Alcohol 95 per cent. ... 50 c.c. 

To every 100 c.c. of the mixture of egg filtrate and glyeerinated meat 
juice, 1 c.c. of the solution is added so as to make a final concentration of 
1 : 10,000. 


MEDIA FOR COLI-TYPHOID-DYSENTERIJE GROUP 

OF ORGANISMS 


Numerous media are used for this group of organisms. Some are use¬ 
ful for routine diagnostic work, while others are of interest to those who work 
on special lines, such as the bacteriological study of water, milk, sewage, 
etc. 

1. MACCONKEY’S AGAR MEDIUM: —(NVutral-red, bile-salt, 
peptone, lactose, agar). 


Composition:— 

Peptone (Witte’s) 

Sodium taurocholate 
Tap water 
Agar fibres 

Casein sodium or nutrose 
White of egg 
Lactose (pure) 

Neutral red, 1 per cent, solution 


jo gms. 

5 K ms - 
1,000 c.c. 

23 1° 3 n gms. 
in gms. 

One 

15 to jo gms. 

5 


Technique :— 

(i) In a flask 1, 2 and 3 are taken and steamed for half an hour. PH 
is then adjusted to 7*8 and after adding the required alkali, the mixture is 
steamed and filtered. 

(ii) To the above, the following substances are then added, agar, nutrose 
and white of an egg and autoclaved at uo°C. for half an hour. 

(iii) It is then filtered through cotton wool and the filtrate measured; if 
necessary, more distilled water is added to make it up to 1,000 c.c. 

(iv) To the filtrate, lactose in solution (1*5 to 2 per cent.) and freshly 
prepared aqueous solution of neutral red (1 per cent.) are added. 

(v) The medium is then sterilised in a steam steriliser by fractional 
method, i.e., exposed to ioo°C. for half an hour each day on three successive 
days and stocked in 200 c.c. flasks. 
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As required, the stock medium is melted in a steam steriliser and when 
the temperature comes down to 6o°C\, it is poured in sterilised plates and 
allowed to set m a horizontal position. Before use the media are dried by 
keeping them upside down in the incubator with the lids half open for 2 to 4 
hours. 

2. ENDO’S MEDIUM:— 

Composition: - 

A. Of stock medium: — 

Heart < strai t 

Peptone 

Sodium ehloridc (ehemieallv puie) 

Agar lit ires 

C asein sodium or nut rose 

White of egg 

B. Of actual medium: — 

Stork medium (melted) 

I .actose 

Meoholie solution o| hasir fu< lisin (10 per rent.) 

Sodium sulphite (ro per cent, solution) 

Technique: - 

(i 1 Preparation of stock medium:— i, 2 and 3 are mixed in a flask 
and steamed tor halt an hour. PH is adjusted at 8 to 8'2, i.e., deeply alka¬ 
line to litmus paper. After adding the required alkali, it is steamed again 
and then filtered. The filtrate is measured and made up to 1,000 e.c. To 
the filtrate are now added 4, 5 and h and the whole is autoclaved at IT5°C. 
for halt an hour. The mixture is then filtered through cotton wool and the 
filtrate made up to 1,000 c.c. and stocked. 

(ii) Preparation of the actual medium: —The stock medium is melted 
and to 200 e.c., the following are added and mixed thoroughly by shaking: — 

(a) ; gms. of pure lactose solution—this is sterilised by fractional 

method. 

(b) o*S c.c. of a 10 per cent, alcoht&ic solution of basic fuchsin. 

(e) s c.c. of a 10 per cent, solution of sodium sulphite (freshly prepared) 
in sterile distilled water. 

(iii) The medium is then distributed in sterile plates aseptically and the 
tin.shed product is stocked in the ice-chest. The medium is of pink colour 
wbi'n hot but becomes almost colouiless when lold. 

Note'— Kudo’s medium is not very suitable in the tropics, as when 

exposed to the room temperature and light, ... is reduced and the 

medium becomes red. Moreover, the colour C . . -domes in this medium 

tends to diffuse. 


200 c.c. 

2 to 3 gms. 
o-8 c.c. 

5 


1,000 c.c. 

10 gins, 

5 £ ms * 

23 to 30 gms. 
10 gms. 

One 
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3. LACTOSE-LITMIJS AGAR:- 
Composition :— 

Nutrient agar (melted) ... 200 c.c. 

Lactose (pure) ... 3 gms. 

Litmus solution ... q. s. 

Technique :— 

(i) To 200 c.c. of melted nutrient agar are added 3 gms. ol lactose and 
sufficient litmus solution to obtain a decided blue colour. 

(ii) The medium is then tubed in 10 c.c. and sterilised b\ steaming by 
the intermittent method. 

(iii) It is then poured in sterile Petri dishes and plated. Relore use the 
medium is dried in the incubator. 

4 BROM-CRESOL PURPLE MEDIUM: 

The preparation is exactly the same as that ol litmus lactose agar, with 
the exception that the indicator used is 1 per cent, solution ol brom-ercsol 
purple, instead of litmus solution. This medium is particularly suitable loi 
the growth of cocci, specially the Gram-positi\e ones, which are found in 
stools. 


SELECTIVE MEDIA FOR EBERTHELLA TYPHI 
(B. TYPHOSUS) 

1. WILSON AND BLAIRS MEDIUM (BISMUTH-IRON 
AGAR): — 

Composition :— 

Hot sterile agar (pH 7*0) ... 100 c.c. 

20 per cent, sterile glucose 5 c.c. 

Bismuth-iron stock solution ... i<> c.c. 

1 per cent, sterile brilliant green solution . . 0*5 c.c. 

The mixture is poured into plates and dried beloie use. 

Preparation of Bismuth-iron stock solution:— 

(This can be* kept in the laboratory for o\er a month). 

20 per rent, anhydrous sodium sulphite 100 c.c. 

Liquor Bismuthi ... 5° c.c. 

8 per cent, solution of ferrous sulphate crystals ... 100 c.c. 

10 per cent, solution of desiccated sodium phosphate 100 c.c. 

Mix and boil together. 

Liquor Bismuthi is prepared as follows :— 

Dissolve 60 gms. of bismuth citrate (made into a thin paste with 50 c.c. 
distilled water) in 20 c.c. liquor ammonia and make up to 500 c.c. with dis¬ 
tilled water. 


2. BRILLIANT-GREEN PEPTONE WATER: 

Composition :— 

(i) Peptone water ... m r . r . 

(Peptone 2 per cent., sodium chloride 0*5 per cent.) 

(ii) Brilliant green, 1 in 10,000 ... o 25 to 07 c.c. 
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An aqueous solution of brilliant preen, 1 in io.ooo, is prepared and 
sterilised in the autoclave. As varying concentrations of brilliant preen give 
better results, 07, 0 4 and 0 25 c.c. of the above are added to three tubes of 
peptone water (10 c.c. each). Each tube is then inoculated with a loopful of 
tin !<e< es and alti r 24 hours 1111 libation, is plated on MacC onkey's medium. 

Note:—-It has been found out later that although the brilliant green 
inhibits the growth of Escherichia coli, it has no effect on Aerobacter 
;enigencs (B. lactis ;erogenes) w hich appears to be equally resistant as E. 
tv phi. Hence it lias been recommended that 04 c.c. of 1 in 1,000 telluric 
acid solution should In- added to the brilliant green peptone water which 
inhibits the growth of both E. coli and A. icrogenes but not that of E. tvphi. 

v CONRADI’S BILE MEDIUM: - 
Composition: 

< K bile ... ()u c.c. 

(ilvcerin ... io c.c. 

Peptone ... 2 grams. 

Mix wi ll ami tube. < ii\ • * fractional sterilisation lor 30 minutes for three 
consecutive davs. This medium is commonly used for blood cultures in 

rule! it' eases. 

SPECIAL MEDIA FOR VIBRIO COMMA 
(VIBRIO CHOLER/E) 

1 niEl DONNE S BLOOD-ALKALI AGAR:- 


Com position: 

lajual parts (500 e.r. each) of delibrinated blood and normal (\/i) 
\a()ll solution are mixed and sterilised lor halt an hour by live steam. By 
the action ut the alkalis, ammoniaeal substances are volatilised, so the 
si earning should be repeated till no ammoniaeal smell is given oft. Three 
paits ( ;oo c.c.) o t this mixture are now added to seven parts (7 00 c.c.) of a 
J to ; pci cent, nutrient agar (neutral to litmus) and thoroughly mixed. 

I his blood-alkali agar is poured into plates and kept in the incubator 
overnight hall open. Next morning tin lid >s closed. I he medium is now 
reads lor use. 

2. DUNHAM’S PEPTONE-SALT SOLUTION:— 


Composition: 


peptone 

Sodium chloride (C\ P.) 
Distilled water 


10 gms. 

5 £ ms - 

1,000 c.c. 

The ingredient* arc dissolved by. boiling, cooled and filtered till clear. 
I’ll is adjusted to S and after titration ste-med again and then filtered 
through filter paper. It is then distributed , .antities of 5 to 7 c.c. in 
each tube and autoclaved at i2o°t . for 20 .. 
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3. TAUROCHOLATE AGAR:— 

Composition :— 

Nutrient agar ... 100 c.c. 

Sodium taurocholate ... 1 gm. 

The mixture is dissolved by steaming for half an hour and lilt (red if 
necessary. It is then sterilised in the autoclave and plated as usual. 

MEDIA FOR HJEMOPHILIC GROUP OF BACTERIA 

Media for H . influenzce 

1. BOILED BLOOD AGAR (CHOCOLATE AGAR):— 

Composition 

Nutrient agar (at 6o°C.) ... 100 c.c. 

Defibrinated blood (Rabbit’s) ... 5 c.c. 

Technique: —Stock nutrient agar is melted and when the temperature 
is reduced to 6o°C., 5 c.c. of defibrinated blood are added to it. The mix¬ 
ture is then heated and the temperature brought up to boiling point (ioo : C.). 
The medium when cooled to 50° to (>o°C., is distributed ascpticalb into 
sterile test tubes in quantities of 5 to 7 c.c. each, and allowed to solidils in thi 
sloped position. Plates may be prepared by pouring the required amount 
in Petri dishes. 

Use:— T his medium is used for mass eultures ol inlluen/a harilltis. 

2. PEPTIC BLOOD AGAR (FILDES): 

Composition (Preparation of digest-blood ):— 


Normal saline ... 150 c.c. 

Concentrated HC 1 ... (> c.c. 

Defibrinated sheep’s blood ... 50 c.c. 

Pepsin, B. P. granulated ... 1 gin. 

Technique:— 


The above ingredients are put : n a 250 c.c. sterile glass-stoppered bottle 
and dissolved by shaking. The bottle is then placed in a water-bath at 
55°C. for 4 hours. After this, 12 c.c. of 20 per cent. XaOH are added. The 
reaction is then tested with cresol-red by removing \ c.c. with a pipette and 
diluting 1 in 5 with distilled water. The addition of crcsol red w ill produce 1 
a permanganate colour and until this is obtained, more NaOH is to be 
added. Concentrated hydrochloric acid is now added drop by drop by me ans 
of a sterile pipette until cresol red gives no colour and phenol red gives red, 
i.e., pH is adjusted to 6*9 to 7. For preservation 0*25 per cent, chloroform 
is added. This stock digest-blood keeps well for 12 months in slightly acid 
reaction. 
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MKDIA FOR BIOCHEMICAL REACTIONS 

For use:-— 

Nutrient a^ar (f>o°C.) 

Digest-blood 

I he above are mixed and distributed asepticallv into sterilised test tubes 
and sloped or poured in Petri dishes and plated. 

Medium for H. pertussis 

BORDET AND GENGOITS MEDIUM:— 

Composition: — 

Potato agar (55°C .) r 

Defibrinated blood (sheep’s or human) ( 1 -cpial parts. 

Potato agar: - 

Extract of potato ... One part (50 c.e.) 

Saline agar (agar 4 per rent.) ... Three parts (150 c.c.) 

Technique: — 

(i) An extract of potato is first prepared by adding 100 gms. of sliced 
potato (made as described on p. 05) to 2 00 c.c. of a 4 per cent, aqueous 
glycerin, The mixture is steamed for 40 minutes and strained through gauze. 

(ii) To one part of this potato extract (50 c.c.) are added three parts 
(150 c.c.) of 06 per cent, saline. Then b gms. of agar (4 per cent.) are 
added to the mixture. The\ are shaken thoroughly, steamed for half an 
hour and filtered. The filtrate forms the potato agar. 

(iii) 2 to 4 c.c. of potato agar are distributed in test tubes and sterilised 

by steaming. After the temperature is reduced to an equal volume 

of defibrinated blood (p. hi) warmed to 4u°C\ is added and uniformly mixed. 
The medium may then be allowed to set in slopes or plates. 

MEDIA FOR BIOCHEMICAL REACTIONS 

Fermentation tests: --These are very valuable for identifying and 
differentiating the individual bacterial species within a particular group. 
The substances commonly employed are: — 

/ Sugars ful Monosaccharides — fi) Pentoses; Xylose; arahinose. 

(ii) Hexoses; Glucose (dextrose), 
fructose (Lcvvulose), 
galactose. 

f b) Di-saccharides—Lactose; sucrose (saccharose) and maltose, 
(c I Tri-saccharides—Patlinose. 

(dl Poly-saccharides—Dextrin, inulin and starch. 

. 1 Icohols — Glycerol, dulcitol. mannitol, etc. 

* Ul seasides — Salicin, (cscuhn, etc. 

Media used for fermentation tests are-(i) S-t-nr media, (ii) Hiss’s serum 
water media and (iii) glucose agar. 
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Sugar media 


Composition:— 

Peptone 

Sodium chloride 
Distilled water 
Sugar 

Aqueous solution of acid fuchsin (0*5 per cent.) 


1 gm. 
0-5 gm. 
100 c.c. 

2 gms. 


Technique:— 

(i) 1, 2 and 3 are mixed in a flask and dissolved by steaming. Reaction 
is adjusted to pH 7*3 to 7 b. Alter titration, the mixture is steamed again 
and then filtered. 


■ r s 

) 



(ii) To the filtrate are added 2 gins, of sugar and 
1 c.c. of fuchsin. Instead of luchsin other indicators mav 
also be used. 

(iii) About 3 to 5 c.c. of the medium are then distri¬ 
buted in sterile test tubes, containing Durham’s gas tubes. 

file latter consist of small inverted test tubes which have 
been slipped (low n into the culture tubes tor observ ation ot 
gas formation (big. 50). 

(i\ ! The tubes are then sterilised b\ fractional 
method. The air remaining in thi* smaller tubes is there¬ 
in driven out. 

A <//<*:—Ditlerent sugar media inav be < onv cnicntly 
recognised by the use ot cotton wool plugs ot ditlerent 
colours or leav ing ditlerent coloured sterile glass beads at 
the bottom of the sugar tubes. 


Fig. 50. 

Fermentation tube 
containing a .small 
inverted tflass tube 
tDurham’s tubei tor 
the collection of 
K p as. 


Hiss's serum water medium 
Composition: — 

Clear beef serum 
Distilled water 


1 parr. 
... 3 parts. 

I he mixture is heated lor 13 minutes in live steam to dcstrov anv 
diastatie lerment that may be present. 11 necessary, it mav be filtered. It 
is then coloured vvilh litmus solution until a clear transparent blue colour is 
obtained. then 1 to 2 per cent, of any desired sugar is added and sterilised 
by the fractional method. 


Use: Arid fermentation is shown bv the change m reaction and the 
resulting coagulation and gas production by bubbles in the eoagulum. It is 
useful tor delicate organisms, c.g., (\ diphtheria*, X. meningitidis, Strepto¬ 
cocci, and D. pneumonia* as sugar media with broth or peptone water do not 
give good results owing to poor growth. 

When inulin medium is prepared, the required amount is added to a 
small quantity of distilled water and sterilised in the autoclave at 15 lbs. lor 
half an hour. It is cooled and then added to the serum. After this, it is 
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coloured with litmus, tubed, and given fractional sterilisation for 20 minutes 
for 3 consecutive days. If levulose is the desired sugar, four to live parts of 
sugar solution are added to one of the serum since this particular sugar has a 
tendency to coagulate the serum. 

Glucose agar 

Composition:— 

Nutrient a$»ar (melted) 

(ilucose (Pure) 

The above are dissolved by steaming for 20 minutes, distributed in test 
tubes, and then sterilised by fractional method. The medium is inoculated 
in the melted condition and then allowed to set in a sloped or vertical position. 
Formation of ^as is shown by breaking up of the medium or the collection 
ot tjas bubbles in it. If an indicator is used in the preparation of the medium, 
change in its colour will show the acid production. This medium is also used 
for the cultivation ot anaerobic organisms. 


100 c.c. 

2 gms. 


Litmus milk 

'I his is useful tor observing the etlect of bacterial growth on milk, v.g., 
production <»t acid b\ fermentation ot lactose of the milk, and coagulation 
ot the soluble albumin. 

Preparation !—Fresh milk (200 c.c.) is centrifu^alised to separate the 
< ream, then heated 1«» boiling point and left overnight in an ice-chest. The 
fat-free milk is pipetted off, » oloured deeply with litmus and tubed. Frac¬ 
tional sterilisation should be tjiven for }o minutes for three consecutive days. 


Indol production 

1 he medium eoinmonlv used is Dunham s peptone-salt solution ol pH 
-■ | and indol tormation is tletermined by tin* following* reactions. (a) 
Nitroso-indol rea< tion. (b) Fhrlich’s test (most delicate). 

Medium for Methyl Red and Voges Proskauer test 
(Buffered glucose broth) 

Composition: 

Peptone 

( illK’Ose 

I)ipotassium-hvdro£cn phosphate (K..HPOJ 
Water 


5 K ms - 
5 R ms * 
5 tf ms * 
800 c.c. 


Technique: 

The abovr sul.Man.vs art- dissolved by h.-ating. filtered, cooled and the 
volume made up tu .,«x» «*.c. Each tube- is f -»„J up w„h ,o c.c. ol the 
m.dium and sterilised by fractional method I.daw. 
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Medium for Koser’s test (citrate medium) 


Composition:— 

Sodium ammonium phosphate ... 15 gms. 

Potassium dihydrogen phosphate ... ro gm. 

Magnesium sulphate ... o'2 gm. 

Sodium citrate (crystals) ... 2*5 gm. 

Water ... 1,000 c.c. 


The above is then distributed into tubes and sterilised in the autoclave. 


Medium for Uric acid test 


Composition:— 


Sodium Chloride ... 5 gms. 

Magnesium sulphate ... 0*2 gm. 

Calcium chloride ... 01 gm. 

Dipotassium-hydrogen phosphate (Iv.HPOJ ... 1 gm. 

Glycerin ... jin gm. 

Uric acid ... o'5 gm. 

Distilled water ... 1,000 c.c. 


The above are dissolved in a tlask, 
tubed as usual. 


sterilised in tlu¬ 


st earn 


steriliser and 


Medium for the detection of H,S production 
( Lead-acetate-agar) 

Preparation: —A 10 per cent, watery solution of basic lead acetate is 
made and sterilised in the autoclave. 1 c.c. of this is added to 200 c.c. of 
melted nutrient agar cooled to bo°C. The final strength of the salt is o05 
per cent. The medium is then distributed aseptically as upright tubes and 
is inoculated by stabbing. 

Use: —For differentiating Salmonella group of organisms. 
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MAKfiVG OF CULTURES 

GENERAL REMARKS:— 

i. All culture tubes should be used as fresh as possible. 

-• Alte r their preparation, culture media should be kept n,a cool dark 
place and u HI covered, so as to prevent evaporation of moisture and also 
to protect them from dust and contamination. 

3 - 1 he* top of tlie tubes max be protected by rubber caps or covered 

with paper and tied v\ith thread. In tin* e ase of agar slants or similar media, 
the tubes should always be kept in a vertical position. The water of conden¬ 
sation should not soak the c otton plug. 

■ In the case of solid media, the*re should be some moisture at the 
bottom of the tube, as water of condensation; A dry medium is most unsuit¬ 
able lor the c ultivation of important and delicate micro-organisms and should 
alwaxs be discarded. I’nless this point is kept in mind, much discrepancy 
max occur in the report on the bacteriological examination of pathological 
materials. 

Culture tubes: —They should always be held during use, as horizontally 
as possible*. This prevents micro-organisms which are always present in the 
atmosphere from falling direc tly on the surface of the medium and thus 
contaminating it. Whatexer bacteria are deposited about the mouth of the 
test tube, max subsequent lx be- destroyed by heating the part sufficiently over 
the* flame. Cotton plugs should be removed very carefully and just before 
use. The plug should first be burnt in the* flame xvhich may then be extin¬ 
guished b\ quicklx pressing it in the* palm of the hand. I his procedure 
destroys all micro-organisms whic h might have been on the cotton plug and 
xvhic h might otherwise contaminate the* culture. Before actually removing it, 
the* cotton plug should be twisted xvell in the* test tube so as to break away 
all adhesions. I’nless this precaution is taken, a xery considerable number 
of cotton fibres max stick out of the* mouth ol the tube and increase the 
risk of contamination. The next step is to heat the upper end of the tube, 
inc luding the rim, oxer the flame to sterilise the part. After the medium 
is inoculated, the bottom of the plug should be burnt over the flame and 
then replaced into the tube as rapidly as possible. 

During inoculation, the culture tube shoe 1 ' 4 l> '* held as slantingly as 
possible in the left hand, preferably betxveei. ihumb and the tips of 

the other fingers and the cotton plug grasp' '- *• the little finger of 

the right hand. When more than one tub, be handled, as when 
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making subcultures, both the tubes are held in the left hand and the plugs 
grasped between the fingers of the right hand near their webs (Fig. 

The inner portions of the plugs should be held away from the palm. 

As direct sun-light is always injurious to bacterial life, the culture 
tubes after inoculation should never be left outside* on the table, but kept 
inside the incubator at once. Kvery culture tube should be* labelled or 
marked, regarding the name*, strain, date and other details before it is put 
inside the incubator. 



Fig. 51. 

Method or inocuhlt ing •doped tube* one t rom theothei. Note 
how the platinum loop, tube- and plugs are held. 

9 

Platinum loop (Fig. 52):—The wire should not be too thin nor too 
thick. 1 lie length should be h to S cm. and ma\ be mounted on a pine ol 
glass rod. A loop is ver\ eonvenientU made b\ moulding the tree end id 
the wire around a thin glass rod. 'The loop should be complete and about 
0*5 cm. in diameter. Unless it is complete and (dosed, it will not cari\ 
drops of the material, specially when dealing with a liquid culture. The 
handle of the platinum loop should be held like a pen in the right hand. 
Before using it, the wire is heated red-hot in the flame, taking care that the 
adjacent portion of the holder is also heated and thus lull\ sterilised. It 
should then be allowed to cool, preferably in the water of enndensation 
or by touching that part of the medium which is free horn growth. This is 
very important, otherwise the hot wire may kill the bacteria which me 
touched with it. 


Fig. 52. 

Platinum loop in glass handle for making stroke culture. 

Inoculation of media: —During inoculation of a solid medium, the* 
loop containing the material is gently rubbed on the surface of the medium, 
taking sufficient ('are not to dig in to the substanre. W hen the inoeulation is 
over, the wire should again be thoroughly sterilised before being kept on the 
table. The worker should pay attention to a few little details about the 
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use oi the platinum wire. Either during use or during sterilisation in the' 
flame, the* wire should always he held with the loop directed downwards 
and the holder directed upwards. I nless ihis is done, a liquid culture may 
trickle down the wire on the holder and contaminate the hand of the worker. 
When the loop contains a large quantity ol bacterial culture, either liquid or 
solid, it should first he held, during sterilisation, a little distance above the 
flame and then slowly and gradually lowered and directly brought in contact 
with the flame. t nless this is done, the too sudden heating in a strong 
flame may cause much spurting o! the material, leading to contamination of 
the table and e ven the worker's clothes. 

The mode of inoculating a liquid medium is very simple. The 
charged platinum loop is immersed into the medium and gently shaken or 
the loop is rubbed on the inner side of the test tube at a level just a little 
above the top of the fluid which is then intimately mixed with it. 

In making a deep stab culture in a solid medium, a perfectly 
straight platinum wire (Fig. 53) is necessary. The wire is charged with the 
required culture and gently plunged deep into the centre of the medium. 
When dealing with an anaerobic organism, the top part ot the medium 
may be heated till it melts and then allowed to cool so that the needle track, 
which might allow air to go in, becomes obliterated and a condition of 
anaerobiosis obtained. 


Fig. 53. 

m irla-- handle tor makimr >tah culture. 

It must be remembered as a common bacteriological principle that 
whenever any material is to be cultured, a very small quantity, not more 
than a loopful, is required. The smaller the quantity of material taken, the 
better and more discrete are the colonies obtained and this always 
facilitates studv. In the case ot a primary culture, it is better to spread the 
material on the surface of an agar tube and then without recharging, carry 
it into another and, if nceessarv, into a third. II the number ol bacteria is 
not large, discrete colonics max be obtained in the first. But if they are 
very numerous, the first tube may have to be discarded and it may be the 
second or even the third tube which will show discrete colonies. It economy 
in culture medium is wanted, the required material may be emulsified in a 
little sterile saline and a looplul from the latter may then be spread on the 
surface of an agar slope or plate. A very convenient practice followed by 
the writers is to stain a smear ot the material and examine it under the 
microscope, so as to obtain an approximate idea about the bacterial content 
before doing the cultural work. 

W hen it is necessary to obtain the gro*.. 1 an organism in a pure 

state from a mixture of two or more, soli'* and specially, selective 

indicator (differentiating) media are used in f s known as Petri dishes. 

A culture medium spread on a Petri dish is • ■ plate and the process ot 
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culturing bacteria on such media is called the plating method. The 
bacteria are distributed over a larger area and there is every chance that 
the individual bacterium may be scattered so far away from each other as to 
be able to form single discrete colonies from which they 
may be easily picked up. A Petri dish (Fig. 54) consists 
/flK-— 0 f two flat glass plates with rims about half an inch 
raised. One of them is smaller and the other slightly 
^ bigger, so as to be able to cover the small one, for which 

Figi 54> it is commonly called the lid. The requisite medium is 

Petri dish for spread as a thin layer on the smaller plate. 


Fig. 54. 

Petri dish for 
making “plates”; 
the lid is shown 
partially raised. 


Methods of inoculation of plates: —The actual 
inoculation may be done in one of the following ways:-- 


(i) Spreading or streaking method :—By this 
method a small amount of material for examina¬ 
tion is taken either with a sterile platinum loop 
or a capillary pipette and placed on the medium in 
the plate (Fig. 55A). The next step consists in 
spreading it uniformly on the entire surface of 
the medium. There are various ways of doing 
this, each worker having his own personal liking. 
The material may be spread w ith a platinum loop 
in streaks or lines, across the plate, without 
recharging the loop with fresh 
material. Some workers pre¬ 
fer to draw one set of parallel 
lines in one direction followed 
by another set cutting the 
former at right angles (Fig. 

55B & C). It is customary to 
find continuous lines of growth 
three streaks but fairly discrete 
the others. 
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Fig. 55. 

Method of inoculating a 
.-nrface plate with a plati¬ 
num loop. 

A The area over which 
the inoculating material 
!•» placed. 

B A* C Indicate the line 
of stroke** made without 
recharging the loop. 

along the first two or 
colonies develop along 


Spreader made 
from a Pasteur 

pipette. 


A much better method of spreading the material on 
the plate is to use a spreader. Th.> usually consists of 
a thin glass rod or a narrow pipette bent at one end over 
a Bunsen flame the forms sh in Figure 5b. 
This is first sterilised over a flame and then allowed to 
cool. Before use, it should first touch the water of 
condensation on the lid, if there he any, or the surface of 
the medium not containing the material lor examination. 
Unless this little point is remembered, a spreader may 
remain much too hot when it is list'd for spreading 
purposes and thus most of the bacteria may be killed 
and a negative or an erroneous report may be made 
about the bacterial content of the suspected material. 
The drop of material at one edge is first well rubbed with 
the spreader on a small surface of the plate. Then the 
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spreader is lifted and rubbed over another area. Jn this way the process is 
repeated several times till, all the surface of the plate is covered, sufficient 
cary being taken not to rub the same surface twice (Fig. 57). If the material 
contains a very large number of organisms, the surfaces of two plates may 
be used. In this way, excellent distribution and very good discrete colonies 
are obtained. 



Fig. 57. 

Method of inoculating a plate with a spreader. The 
arrow indicates the direction in which the plate is 
rotated and the figures in the shaded areas show the 
-egments in which successive inoculations are made 
without recharging the spreader. The grades of 
shading indicate the successive distribution of the 
material and the resulting growth. 

(ii) l*our-platc method :—This is used very extensively in the bacteriologi¬ 
cal examination of water. In this method, a small portion of the material is 
well mixed with the medium while still liquid at about 5o°C. and the 
mixture poured into the plate and allowed to solidify. The bacteria develop 
deep colonics which may then be picked up for further study. In this 
connection, it should he remembered that agar melts at a temperature, a 
little lower than ioo°C\ and solidifies at about 42 0 to 44°^ • 1 he medium in 

the tube should be heated in a water-bath till it melts. The temperature of 
the bath is now lowered by the addition of eold water till it reaches near 
about 45 0 to 4b°C. The temperature should be measured with a thermometer 
and no guess work should be allowed in this matter. Because, if the material 
is added to the melted medium at a high temperature, the organisms may be 
killed and fl the temperature is lowered too low, before the material is added, 
one may not be able to mix it thorough!; —1 pour it into the Petri dish, 
owing to rapid solidification. Any way. squired material in suitable 

quantity and dilution is mixed with the nn • . dium at the proper tempera¬ 

ture by rapidly rotating the tube between * % ° hands. The cotton plug 


8 o 


MAKING OF CULTURES 


being flamed and the top of the test tube being sterilised by heating on the 
flame, the medium is gently poured into the dish by raising the lid of the 
plate at one side just sufficiently to allow the tube to be introduced under it 
(Fig. 58). The lid should be replaced at once and the plate left on the table 
and not disturbed until the medium is cool and completely solidified. 



Fig. 58. 

Method of " pouring ” the medium in the sterile Petri 
dish for plate culture. 


Some general facts about making plate culture:— 

(1) All plates, specially those of nutrient agar, blood or st rum agai, 
coagulated blood serum, etc. which do not contain any inhibiting reagent, 
should be prepared fresh before use. This has a distinct advantage. h<>r 
instance, if by chance, any micro-organism falls on the surface ol stu b a 
plate, it will form on incubation, only one colony which may be easily marked 
off. On the other hand, if such a plate is kept unused lor a day, the con¬ 
taminating bacterium will form a colony by growth and multiplication. 
Such a colony, though too small to be detected by the naked eye, will contain 
thousands of bacteria. During use, this colony will be spread all over the 
surface and thus form a very serious source of contamination, which may 
produce a wrong idea. 

(2) Under no circumstances, should a plate be exposed to the open air, 
as bacteria may fall on the surface and contaminate it and make* it useless. 

(3) Inoculation or spreading of the material for examination mav be 
done either by slightly raising the lid at one part to allow the introduction 
of the platinum loop or the spreader or the plate may f)e held vertically with 
the left hand and inoculation done with the right (Fig. 5<>). This will prevent 
micro-organisms from falling on the surface of the medium. 

(4) A plate should be dry and must have no water of condensation on 
the surface. A moist plate when inoculated with a motile organism may 
give rise to a filmy layer of grow th instead of discrete colonies. Before use, 
careful examination should be made for any moisture on the surface. If it 
is present, it should be allowed to evaporate by keeping the plate half open 
in the incubator for an hour or two. 


incubator 
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Fig. 59 . 

AIM hod of hold mi: a p’ah* for >urfaot» culture with 
a .''preader. 


(5) r inoculation, all plaits made up with agar, should be kept in 

the im ubatnr in an inverted position, vi/., with the lid down. This prevents 
an\ water n! eondensation wliieh mav collect on the lid from falling on the 
surlaee of the culture and thus producing a filmy growth. On the eontrarv, 
when gelatin plates are used, the\ should be kept exactly the opposite way, 
\i/., the dish < ontaining the medium should be below and the lid above. This 
prevents the liquefied medium I mm dropping on to the lid. 


INCUBATION OF THE CULTURE 

Most ol the pathogenic bacteria grow best at blood heat, i.e., at a 


temperature ot ^75 C. file media 



Fig. 60. 

Incubator. 


alter inoculation should therefore be 
exposed to this optimum temperature 
which must be maintained uniformly 
and continuously. This is effected in 
an apparatus known as the incubator 
(Fig. (x>). The instrument consists of 
an inner water jacket and an outer 
case. The inner jacket is made of 
hard rolled copper and is a square 
box with double walls on five sides 
and 011 the sixth, a glass door. Thus 
the chamber is surrounded on all 
sides except the door by a water 
jacket which maintains an even tem¬ 
perature throughout all parts of the 
incubator, flic interior of the cham¬ 
ber is prov ided with some movable 
shelves over which culture media are 
placed. The outer case is made of 
lea!. d with asbestos with a door 
co 1 ..uling with the glass door. 

T 1 ' between the inner jacket 
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and the outer casing is heavily insulated with some non-conducting material. 
The inner jacket is filled with water which is then heated by electricity, gas 
or oil lamps. The temperature of the electrically heated incubators is 
regulated by an automatic capsule regulator (C). Once adjusted the tem¬ 
perature is automatically maintained within CC. Full directions for working 
the capsule are supplied with the incubator. 

KEEPING OF STOCK CULTURE 

Most of the bacilli can usually be kept alive by subculturing twice a 
month. During the intervals, the cultures are kept at the cotton 

wool plugs being sealed with parallin and covered with sterile rubber caps. 
The following are however exceptions to the* general rule: — 

Eberthella dysenteric, Shiga—to be subcultured every other dav. 

Eberthella paradysenterie, Klexner—to be subcultured twice a week. 

Corynebacterium diphtheric --to be subcultured twice a week. 

Hemophilic group—even other day. 

Klebsiella pneumonic'—once a week. 

As regards Cocci, Staphylococci and X. catarrhalis are to be subcultured 
twice a week; Streptococci, I). pneumonic, X. meningitidis and 
X. gonorrhcee every day. 
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STUDY OF CULTURAL CHARACTERS 

The preliminary knowledge of the morphological and staining characters 
may, in certain circumstances, suffice to identify an organism but in general, 
study of the cultural characters is essential for its complete identification. 
C ultures are also necessary tor studying tli£. nature of toxin formation, 
serological reactions and pathogenicity tests^ As a routine method, the 
organism is cultivated in nutrient agar, broth and blood agar media. Special 
media may be used for certain organisms or group of organisms which 
are unable to grow in ordinary media. This mav be surmised, to some 
extent, from the clinical history of the case, source of the material and 
preliminary examinations. 

Nutrient agar: —C olony-formation is studied in this medium. This 
is best examined after 24 hours' incubation at 37°C. The examination of 
the colonies is c arried out with the naked eye, a hand lens, or the low power 
of a microscope, and attention is paid to the following: — 

(i) Nature and distribution of colonies (discrete or overlapping), (ii) 
opacity (opaque, translucent or transparent), (iii) size, (iv) shape, (v) edge 
(even or irregular), (vi> surface (smooth or rough; raised, fiat or depressed in 
the centre; dry or moist) and (vii) colour. Consistency of the colony is 
judged by touching it with a platinum wire and observing whether the colony 
is sticky and easily removed or remains adherent to the medium. The 
capacity to form a uniform emulsion in water or saline may also be noted. 

After the colonies are examined as above, a film from each variety should 
be prepared and stained by the usual methods. It there are several types 
of colonies, subcultures should be made from each variety so that they are 
obtained in pure culture for further study. 

Growth in fluid medium (Broth):— The attention is paid to the 
following:—(i) turbidity, (ii) nature of the deposit (flocculent or granular) 
and (iii) surface growth (pellicle formation). 

Gelatin stab culture:— The form of growth (c.g. inverted fir-tree 
appearance of B. anthracis) and liquefaction of the medium arc particularly 
observed. 

Blood agar: _Certain bacteria, c.g., Str. hmmolyticus, when grown in 

this medium, produce a clear colourless zone round the colonies (Fig. 61). 
This is known as haemolysis and is prom., .-d by the action of haemolysins 

secreted bv the bacteria concerned. It .seen later that such laking o 

blood mav be produced by bacteria not produce any haemolysin; 

hence it is better to use the term haem ~"on instead of haemolysis. A 
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(i) Media containing haemoglobin stimulate the growth of Hemophilic 
group of organisms. 

(ii) Media containing scrum or egg stimulate the growth of Coryne- 
bacterium diphtheria*. 

(iii) Media containing ascitic fluid or hydrocele fluid stimulate the growth 
of Neisseria meningitidis. 

(iv) Media containing glycerin stimulate the growth of Mycobacterium 
tubercuh>sis hominis. 

And so on. 

(b) Substances which, while favouring the growth of any particular 
organism, inhibit that of others, c*.g. 

(i) Bile salts in MaeC wnkev’s medium assist the growth of tvphoid- 
dysenteria* group of bacilli but inhibit that of cocci. 

(ii) I elluric acid in tellurite medium assists the growth of diphtheria 
group but inhibits the growth o< secondare organisms. 

(iii) A highly alkaline medium, as Dieudonne’s blood-alkali agar, inhibits 
the growth ot ordinary intestinal bacteria but favours the growth of Vibrio 
1 omma (V. choh-ra*). 

Indicator media: — The following are the examples of some indicators 
w hioh are in c< mimoii use. 

I)ye-stuffs: — I hesr include litmus solution, neutral red, acid fuchsin, 
bronu resol purple and others. They are commonly used to indicate the 
production of acid from carbohydrates as in MaeConkey’s medium, litmus 
milk and various other sugar media. Thus, an organism growing in the 
MacConke\’s medium ma\ be a lactose-fermenter as indicated by the rose 
pink colonies (C olon group of bacillus) or a non-lactose-fermenter indicated 
by colourless colonies (Typhoid-dysenteriie group). 

Blood: — This is a useful indicator and is employed to note whether 
the organism in question is luemolytic or non-lnemolytic. this is particular¬ 
ly used for the differentiation of streptococci. 

Sodium tellurite: — Corync-baeterium group of organisms reduces 
this substance which turns the colonies black. 

Lead acetate:— This is used when the organisms produce H 2 S; 
colonies arc* coloured black owing to the* production of lead sulphide* and this 
indicator is particularly used in the* differentiation of Salmonella paratyphi 
(B. parat\ phosiis A) and Salmonella schottniulleri (B. paratyphosus B); the 
latter reduces the* lead acetate*. 

It has already been mentioned that before making cultures, a stained 
film of the* material should always he examined te^ get an idea about the 
nature* of the infective organism and the media in which inoculation is to be 

made. In ibis wav. the special media il.. be required for a particular 

organism may be'surmised to a eertai-.<■ For common laboratory 

work the following system is usually lob- 
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Inoculating material. 

Media /<> he inoculated. 

Sputum 

Nutrient agar, blood agar and broth. 

Throat swab 

Nutrient agar, blood agar and broth. 
If there is a suspicion of diphtheria, 
egg medium, Loefller’s serum 

medium or serum agar medium may 
be employed. 

3. Fieces 

MacConkey’s medium (plate*), bromcre- 
sol purple medium (plate) and broth. 

4. Urine 

MacConkey’s medium (plate) and 
bromeresol purple medium (plate). 

5. Pus 

Nutrient agar, blood agar and broth. 

6. Blood 

(ilucose broth or bile broth. 

7. Cerebrospinal fluid 

Nutrient agar, blood agar and h\dro- 
cele fluid agar. 

8. Urethral smear 

Same as Cerebrospinal fluid. 

(j. Uterine swab 

Nutrient agar (plate), blood agar 
(plate) and broth. 

10. Conjunctival swab 

Nutrient agar and blood agar. 

Note :—For the studv 

of colonial characters, it is advisable to have the* 


media in Petri dishes. 

Although the cultural characters of different groups of bacteria are ron- 
stant, yet such a study merely indicates the group to which a particular 
organism belongs. It does not differentiate between the individual mem¬ 
bers of the group, which are similar in their morphological and cultural 
characters. For further differentiation, a detailed study should be made 
regarding their metabolic and biochemical properties, serological reactions 
and pathogenicity. Thus th< study of cultural characters serves only to 
confirm the inference deduced from the study of morphology and staining 
reactions. 

Lastly, it should be remembered that besides artificial media, animal 
inoculation method may also be employed for the cultivation of some orga¬ 
nisms. In this method, the infective material is inoculated into a susceptible 
laboratory animal and the organism is recovered in pure culture either from 
heart’s blood, spleen or from the tissues in which the lesions are produced. 
These laboratory animals represent, as it were, the living culture media. 
The important organisms which may be isolated bv this method are Diplo- 
coccus pneumoniae and Mycobacterium tuberculosis. 



BIOCHEMICAL REACTIONS 


87 


STUDY OF BIOCHEMICAL REACTIONS 


I lie sc arc of immense value in the differentiation of bacterial species. 
I hev are so very important that they afford a delicate method of finding out 
even the minuter differences present in the closely related bacteria. Under 
this heading the following are studied. 

(i) Fermentation of “Sugars." 

(ii) Coagulation of milk. 

f Hi I Proteolytic powers. 

(iv} P roil act i o)i of md(d and nitr<tsu-hod\ fr*>m peptone. 

{ v j Power of reduction. 

( 77 / Formation of H ,S. 

{ vii} \lethyl-red tests. 

( l iiiI l ttges-Proskauer reaction. 

11.\ ) l tihsation of citrates (Koser's test j and uric add. 

(i) Fermentation of “Sugars” :—Media used for the purpose are 
(ai fluid media which include (1) broth (sugar free) or peptone carbohydrate 
medium or (2) Hiss’s serum water medium and (b) Solid media. 

Peptone carbohydrate media (I per cent, peptone water containing 
i to 2 per cent, sugar):—W hen an organism is cultivated in such a medium, 
it ma\ either fail to produce any change or may ferment the carbohydrate 
producing acid only or an acid reac tion accompanied by evolution of gas. 


lo detect the formation of acid, an indicator is included in the medium. 
The liberation of ^as is rendered evident by an inverted Durham’s tube which 
is also incorporated in the medium. The gas evolved is generally a mixture 
of hwlrogen and carbon dioxide and collects as bubbles at the top of the 
Durham’s tube. The proportion of two gases is sometimes important, 
particularU in the differentiation of saprophytic and faval types of Escheri¬ 
chia cob. The sugars commonly employed are lactose and glucose but in 
special work, other carbohydrates may also be used. 

Hiss’s serum water medium:— This medium is used for certain 
organisms, such as I), pneumonia 1 , C . diphtheria. 1 , etc., which grow poorly 
in broth or peptone carbohydrate media. It contains serum, an indicator 
(litmus solution) and fermentable substances; it does not contain any inner 
lube. A bacterium grown in this medium may ferment the carbohydrate 
producing acid which is shown by the indicator and also b\ the coagulation 
of the medium. 


Solid media: —When the amount of gas is small, the fermentative 
capacity of bacteria mav be judged by using a solid medium (agar) containing 
fermentable carbohydrates and an indicator. The tubes are inoculated m 
the melted condition and then allowed to - > -r incubation, acid production 

is recognised by a change in the colour jdicator and gas produced >s 

judged by the splitting up of the medium collection of bubbles in 1 . 
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(ii) Coagulation of milk: —The medium used for the purpose is litmus 
milk. The coagulation is produced by a ferment coagulase. Carbohydrate* 
fermentation (lactose) and proteolytic digestion may also he studied in this 
medium. 

(iii) Proteolytic power: —Digestion of egg, serum or gelatin is observ¬ 
ed in the respective media. 

(iv) Formation of indol and nitroso-body: — The organism is grown 
in broth or peptone water and the production of indol and nitroso-body is 
detected by the following methods: — 

NitroSO-indol method: —When the organism produces both indol and 
nitrite, the addition of a few drops of sulphuric acid w ill produce a rose colour 
indicating their presence. Such a reaction is obtained with cholera vibrio and 
is known as “Cholera red reaction.” W hen the organism, as in the case of 
the Colon group, product s indol only, the rose colour is obtained bv adding a 
few drops of dilute solution of nitrate (o’ i per cent, potassium nitrate) and a 
few drops of sulphuric' acid. 

Ehrlich’s rosindol reaction: - Into a te st tube containing about J to 
3 c.c. of peptone w ater culture, the follow ing reagent is added. \ rose colour 
develops in the presence of indol. 

Reagent :— 

Para-dimethyl-amido-ben/aldeh\de ... i gin. 

Absolute alcohol ... 05 c.c. 

Concentrated hydrochloric' ac id ... _>o c.c. 

The addition of a saturated solution of potassium persulphate hastens 
the process. 

(v) Power of reduction :— I he reduction of telluric acid is observed 
by the formation of black colonies in the tellurite medium and is specially 
used for tin* differentiation of Con nebactcrium group of organisms. 

Reduction of nitrate:— Certain organisms, suc h as Fscherichia coli, 
are capable of reducing nitrate into nitrite. The organism is allowed to 
grow r in a fluid medium, such as broth or peptone water to whic h o* 1 pe r cent, 
potassium nitrate lias been added. After 2 to 3 days of inc ubation at 37°C., 
the formation of nitrite is detected by Ilosvay’s method. Two solutions are 
required for the purpose: — 

Solution A :—This is prepared by dissolving 1 gm. of u-iiaphthyluminc 
in 22 c.c. distilled water. It is then filtered and to the filtrate 180 c.c. of 
dilute acetic acid of 1*04 spec ific' gravity are added. 

Solution ft:—This is prepared by dissolving 0 5 gm. of sulphanilic acid 
in 150 c.c. of dilute acetic ac id. In c arrying out the* test t c.c. of eac h of the 
above solutions is added to the broth culture* and the* re*sulting e'olour noted. 
The positive reaction is indicated by the immediate development of a red, 
rose-pink or maroon colour whereas the negative reaction by no colouration. 
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(vi) Formation of hydrogen sulphide: —This is tested on lead ace¬ 
tate agar. The appearance of a brown or black colour shows a positive 
result. This test is utilised in the differentiation of Paratyphoid group of 
organisms. 

(vii) Voges and Proskauer reaction: —-This reaction depends on the 
production ol acetyl-mcthyl-carbinol f~om glucose by certain organisms when 
grown in a butiered glucose broth (p. 73). The test is carried out by growing 
the organism in such a medium for 3 or 4 days and then adding 1 c.c. of a 
10 per cent, solution ol KOH. The mixture is then shaken vigorously. A 
positive reaction is indicated by the appearance of a pink fluorescence, a 
colour resembling that ot a weak solution of eosin. It is better to read the 
test alter 18 to 2 4 hours, as it may require several hours before the colour 
is well-developed. A negative reaction is indicated bv no colouration. 

(viii) Methyl-red test: —l he test depends on the ultimate reaction that 
is attained alter fermentation of glucose in the same medium as that utilised 
lor Yoges and Proskauer test. After 4 days’ incubation at 37°C\, five drops 
of 0*04 per cent, solution of methyl-red (0*1 gin. of methyl-red dissolved in 
300 c.c. alcohol and made up to 400 c.c. with distilled water) are added as 
an indicator and the resulting colour noted. Appearance of a red colour 
signifies positive and a yellow colour a negative reaction. The former indi¬ 
cates persistent acidity and the latter indicates that primary acidity has been 
replaced by alkalinity. This test along with Y. P. test is employed for 
classifying the eoliform bacilli isolated from water supplies. 

(ix) Utilisation of citrates and uric acid:— The former is tested in 
Koser's mctiiuni (p. 74). The bacteria which are not able to utilise the 
citrates will not grow in this medium. This is particularly used in the differen¬ 
tiation of fiecal and saprophvtic t\pes of Escherichia coli. L’ric acid medium 
(p. 74) may be employed tor the same purpose. 
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PATHOGENICITY TESTS 

The crucial test for the identification of an organism is the pathogenicity 
test which depends on its ability to produce disease in various susceptible 
animals. For this purpose, inoculation experiments are performed on the 
common laboratory animals. This method takes advantage of the fact that 
some animals are very susceptible to certain bacteria which produce lesions 
so characteristic as to be considered specific for that particular bac terial 
species. A study of such lesions at autopsv will enable one to establish its 
identity definitely. This is true of Mycobac terium tuberc ulosis, t’orynebac- 
terium diphtheria*, B. anthracis, 1). pneumonia* and others. Besides the 
pathogenicity test, such inoculation experiments ma\ also be performed for 
other purposes, e.g. 

(i) To isolate the organism in pure c ulture (Diplocoec us pneumonia*, 
Mycobacterium tuberculosis, etc.). 

(ii) To increase tlu* virulence (exaltation) of an organism, e.g., exalta¬ 
tion of the virus of hydrophobia by passage through rabbits. 

(iii) To dec rease the virulenc e* (attenuation) of an organism, e.g., attenu¬ 
ation of the virus of smallpox by passage through c alve s. 

(iv) To prepare antisera whic h may be antitoxic* or antibac terial. 

(v) To study the neutralisation of antige n by its specific antibodie s. 

Animals: —The* common laboratory animals used h>r the* purpose arc* 
guine a-pigs, rabbits, rats and mic e. Monkey s are* also being useel. The* ideal 
animal for this sort of experiments would be man but it is forbidden uneler 
the laws of the* civilised world, although instances are on re-cord where* con¬ 
demned criminals and volunteers have been used for suc h purposes. Owing 
to this reason, we are content with lower animals or animals very near te> 
man in the scale e>f creation. 

Guinea-pigs are the common laboratory animals and are used in the* 
diagnosis e>f the* following diseases:—-tuberculosis, diphtheria, anthrax, 
plague, glanders, spirochietal jaundice, cholera, gas gangrene* and botulism. 

Rabbits are very prone to parasitic and intercurrent infections, lienee* 
they are less satisfactory animals than guinea-pigs fe>r experimental purposes. 
They are used particularly in the diagnosis e>f rabies (hydrophobia) by sub¬ 
dural inoculation of an emulsion e>f brain tissue from a suspected de>g\ In 
tuberculosis, rabbit is mainly used te> differentiate M. tuberculosis bovis fre>m 
M. tuberculosis hominis. In the laboratory, rabbits are also used for the 
preparation of agglutinating and hemolytic sera. 
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Rats are used for the same purpose as guinea-pigs. 

Mice are largely employed for the isolation of Diplococcus pneumoniae 
(Pneumococcus) in pure culture and are now extensively used for determining 
the various types of this organism. 

Monkeys are mostly used for investigating the mode of infection and 
pathogenicity of many respiratory diseases and virus infections, such as acute 
anterior poliomyelitis and encephalitis lethargica. 

Methods of inoculation 

1. Skin scarification: —A careful epilation is an essential preliminary. 
Several scratches are then made on the belly which may be either parallel or 
at right angles to the longitudinal axis of the body. The infective material is 
then gently rubbed in with a sterile glass rod or spatula over the scarified 
area. I his method is used to determine the route of general infection, e.g., 
the transmission of plague in rats. 

2 . Intradermal inoculation: —This is chiefly used to test local in¬ 
flammatory skin reactions, e.g., in the standardisation of the toxins of 
Curynebacterium diphtheria?. Preliminary epilation is also necessary for this 
purpose. The animals used are rabbits and guinea-pigs. 

3. Subcutaneous and intra¬ 
muscular injections: —These are 
the usual methods employed and pre¬ 
sent no difficulty. 

4. Intravenous injection: —In 

mice, one of the tail veins is utilised. 
I'he animal is put in a special cage 
as shown in Figure 63 and the 
veins are dilated by immersing the 
tail in warm water. The vein at the 
root of the tail is then selected. In 
guinea-pigs and rabbits, one of the marginal veins in the ear is selected; the 
veins are made prominent by rubbing the area with ether or xylol. Figure 64 
show s the method of holding the animal for intravenous injection. 



Method of holding the rabbit for intravenous inoculation into the marginal 
ear vein which has been, made prominent hv assistant holding it between 
the thumb and the * * * ; ugers. 


5. Injection into special regions as intrathecal, intracerebral, 

intratesticular and intratracheal is also . -* d. 



Fig. 63. 

Method ut holding the rat for intravenous 
inoculation into the dorsal root vein of the 
tail. 
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6. Inhalation: —By this method the material is sprayed into the nose 
or the animal is allowed to inhale the infeeted material. This is employed 
in the experimental inoculation of tuberculosis in guinea-pigs. 

7. Ingestion: —By this method, the infective agent is either mixed 
with food material which the animal is made to eat or introduced into the 
stomach through a tube. Kxperimental tuberc ulosis in guinea-pigs may also 
be carried out by this method. 

The methods will however vary according’ to the disease* or the* infecting 
organism for which they are used, as shown in the table: — 


Disease and the infecting mganism. Susieptible animal. Methods of inoculation. 



Mii»- or guinea-pig'* 

Suluutamou* 

I)i|)Sith'TKi ((\ (tijilitlifi'iif), 



1 lll)»Tl lllosis (M. t lit >**,'1 ulnsis), 

( 1 uiiea-pig-. 


anthrax (B. aiithraos) and 



botulism ((1. Botulinum}. 



Plague (I*. pestis) 

(iuin» a-j>igs «*r Rat-. 

SuIh ut.in*Mius or 

taieniis. 


(iuinea-pigs 

Inlrapei iton»-,il 

Pneumomct al and streptoio* (al 

Mire 

Subi utanrous or 

ton*al. 

in f*‘i tions. 

K abbits 


Rabies (Virus (?) infection) 

Rabbits 

Subdural 

(ins gangrene (Cl. welchii & others) 

Rabbits 



Nature of the inoculated material 

(i) Fluid exudates, such as pus; cerebrospinal, pleural, peritoneal, 
synovial and pericardial fluids; blood; and urine. 

(ii) Cultures: —Fluid cultures are directly inoculated. Culture's on solid 
media are first emulsified in saline and then injected. 
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(iii) Toxins (exotoxins):— A baeteria-free filtrate is obtained by filter¬ 
ing a bouillon culture through a porcelain filter. 

( 1 v ) Tissues: —These should be cut into pieces with sterile scissors and 
ground up in a mortar with sterile sand. After completion of the process, 
the contents arc shaken with saline in a test tube and then allowed to stand. 
I he sand and solid particles settle at the bottom and the supernatant fluid 
taken out lor injection. For intravenous injections all solid particles arc 
removed by centrilugalising at a low speed. 

Observation after inoculation: —T he animals, after inoculation, are 
kept in (ages made of galvanised iron wire. The general condition of the 
animal is observed and special attention is paid to the following:—attitude, 
appetite, weight and temperature. Where it survives a longer period, the 
weight ot the animal is frequently a guide to what is happening. Hence 
inoculated animals should be weighed at regular intervals. Rapid loss of 
weight indicates a serious infection or tox;emia. The temperature of the 
animal is usually taken per rectum. 

How to kill the animals :—A general amesthetie, such as chloroform, 
is usually employed lor the purpoM* but it causes much struggling, resulting 
in petechial haemorrhages in the lungs and central nervous system, which 
may obscure the finer histological details in those organs. One of the most 
satisfactory methods is to poison the animal with coal gas and its use has 
a further advantage of economy. The gas should be administered slowly. 
The animal may also be killed by injecting io per cent, ehloretone in olive oil 
either subcutaneously or intraperitoncally. 

Autopsy 

It is desirable that the post mortem examination should be performed as 
soon as the animal is dead or killed. In cases of delay, it may be kept in the 
cold chamber. 

Apparatus required: —Cork or wooden boards or paraffin trays; pins, 
travs, and surgical instruments, such as scalpels, dissecting forceps and 
scissors. Hacteriological requisites include sterile swabs, sterile capillary 
pipettes and rubber teats, sterile IVtri dishes, sterile test tubes, platinum 
loops, glass slides and coverslips, fixing fluids, culture media, spatula for 
searing and spirit lamp. 

Examination: —For a bacteriological post mortem examination, an 
aseptic technique is essential and the worker should protect himself with 
rubber gloves. Larger animals, such as rabbits and guinea-pigs, are nailed 
out on a wooden board and smaller animals such as mice are best pinned 
out on a thick cork. The examination is then conducted in a routine and 
orderly manner. 

Final disposal of carcasses: —As these animals may contain virulent 
organisms, dangerous to human life, all precautions should be taken to 

prevent dissemination of the disease. Foi . .eason, the animal, after the 

examination is over, may be dipped into a ' * antiseptic lotion, e.g. lysol, 

phenol or formalin, but the carcasses shouk - be burnt in an incinerator. 
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Identification of organisms by Pathogenicity tests: Common examples :— 


Organism . 


Susceptible animal 
used. 


Characteristic reaction and 
lesions produced. 


i. C. diphthcriae Guinea-pigs 


2. M. tuberculosis Guinea-pigs 


Animals die in two to four 
days. Post mortem, adrenals are 
found to be enlarged, swollen 
and luemorrhagic. 

Death in 6 to 12 weeks. Post 
mortem, local caseous abscess 
with numerous tubercle bacilli; 
spleen, liver, lungs and lymph 
glands are enlarged and studded 
with yellowish or greyish white 
areas (caseation) of necrosis. 


3. B. anthracis 


Mice, guinea-pigs Animals die in 12 to 48 hours, 
and rabbits Post mortem, luemorrhagic local 

exudate, enlarged spleen and 
bacilli in blood and organs. 


4. D. pneumonia 4 Mice 


Animals die in about 2 days and 
the blood teems with D. pneu¬ 
monia*. 


5. P. pestis 


Guinea-pigs, mice 
and rats 


Animals die within 2 to 7 days. 
Post mortem, luemorrhagic nec¬ 
rosis at the site of injection with 
the involvement of the proximal 
lymph gland. Spleen, liver, 
lungs and other lymph glands 
are studded with greyish white 
nodules and luemorrhagic spots. 
Organisms arc found in large 
numbers in the local lesion, 
spleen and heart’s blood. 


6. Cl. welchii and Rabbits intra- 

other organisms venously 

of gas gangrene 


Animals are killed after a few 
minutes and then placed in an 
incubator for 5 to 6 hours. The 
animals will be* found to be dis¬ 
tended with gas and particularly 
the liver is found to be riddled 
with gas bubbles (foamy liver). 
The organisms may be isolated 
from the liver and heart’s blood. 
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VIRULENCE OF BACTERIA 

Definition: —Virulence of a bacterium may be defined as its ability to 
invade and multiply in the tissues of a susceptible host. In other words, it 
is the power of pathogenic micro-organisms to incite disease in the animal 
or man. 

Attenuation and exaltation of virulence:— Virulence of a bacterium 
may be increased or dec reased by various means. The process bv which the 
virulence is diminished is called attenuation and that by which it is increased 
is called e.\allation . 

Attenuation :—1 his indicates diminution of the virulence of an orga¬ 
nism and is, general!) spe aking, induced by repeated subcultures in artificial 
media. I he* following are the various methods by whic h attenuation of a 
virus is brought about : — 

(1) By passing the organism through the body of a less susceptible 
animal, e.g., 

(a) \ irulence of anthrax bacilli for bovine animals is attenuated bv pass¬ 
ing tin- organism through some resistant animals, suc h as guinea-pigs and 
rats. 1 he subsequent inoculation into cattle of B. anthracis from guinea-pig's, 
produces a disease which is non-fatal. 

(bf In the same* wa\, the \ irulence of smallpox \irus is diminished by 
passage through calves. 

( 2 ) By repeateti subcult nres in artificial meilia outside the animal body, 
as in Streptococci, I). pneumonia* and E. typhi. 

(4) By growing the organisms in unfavourable conditions —When grown 
at an abnormally high temperature or in strong light, the virulence* ol some 
bacteria is diminished, e.g., attenuation of B. anthracis is carried out by 
growing the organism at a temperature of 4-°C\ and vaccines ol such a strain 
are used for prophylactic inoculation against sheep and cattle. 

(4) By growing organisms in the presence of weak antiseptics, e.g., 
\ irulence of bovine tubercle bacillus i* attenuated b\ culturing in the presence 
of bile. This is used in the preparation B. U. (i. vaccines. 

(5) By desiccation, e.g., attenuation of Hydrophobia virus is carried out 
b\ drving the spinal cords in the air. 1 he degree of attenuation being pro¬ 
portional to the time of exposure. 

((>) By prolonged keeping- All bacteria on keeping (i.e., as they giw 
old) tend to lose their virulence. 

Exaltation of virulence means increase of virulence. 1 his is accom¬ 
plished bv quick passage through susceptible animals by successive inocula¬ 
tions. A classical example is Hydrophobia virus. This was first done by 
Fasteur bv repeated subdural inoculation into rabbits, the virus being thus 

exalted and its virulence increased. \ . .OP* 1 *’ pneumonia*, 

Streptococci all increase in virulence passed through susceptible 

animals. 
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In connection with the virulence of a bacterium, it should be remembered 
that at the beginning of an epidemic disease, when the bacterial strain is 
comparatively young, its virulence is exalted to a very considerable extent, 
owing to rapid passage from one human being to another who have had no 
time to develop immunity. This explains the virulence of an epidemic and its 
high rate of mortality at the beginning. Then again, towards the end of the* 
epidemic, when the causative organisms grow older and also when there is 
development of a certain amount of mass-immunity, the virulence ol bacteria 
is attenuated by its passage 1 through 111111111111' human beings. This explains 
the gradual decline of an epidemic with its fall in mortality. 

Relation of aggressins to virulence (Bail's theory): —Pathogenic 
bacteria manage to overcome the protective mechanisms of the animal body 
and to proliferate within it by virtue of a definite substance given oil by them 
(aggressins), which acts primarily by protec ting the bacteria against phagocy¬ 
tosis and by repelling leucocytes. It has already been mentioned that aggres¬ 
sins are substances produced In bacteria during their growth in the animal 
body. 

Relation of capsules to virulence : —The bacterial capsules seem to 
insulate them against the attacks of the body cells and fluids and hence the 
organism can multiply freely in the tissue producing harmful effects. Cap¬ 
sules, as mentioned before, reach their fullest development in the animal body, 
but the bacteria tend to lose them in an artificial culture. A virulent strain of 
I). pneumonia*, when it loses its capsule, becomes avirulent. Thus the pre¬ 
sence of a capsular substance is distinctly associated with the virulence of an 
organism. 

Recent researches on the relation of virulence to the characters of 

the growth 

Avirulent variant: —If an organism, say K. typhi, is grown repeated¬ 
ly, in artificial culture media, after sometime, two distinct races of organisms, 
as seen by differences in the character of the colonies, are developed. One 
of these races produces rough, granular colonies on the surface of agar and 
a floccular growth in broth tending to sedimentation. The other race pro¬ 
duces usual smooth colonies on agar and uniform turbiditv in broth. The 
organisms composing the rough colonics are found to become less virulent 
and cease to agglutinate in type sera. In cases of capsulated bacteria, 
such as I), pneumonia*, transformation from the normal smooth to the rough 
colonies, results in the disappearance of the capsule and hem e the organism in 
the rough stage becomes avirulent. 
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INFECTION 

DEFINITION: —When micro-organisms invade the body of animals or 
human beings and give rise to disease, the process is known as infection. 
It should he definitely understood that the mere presence of micro-organisms 
in the body of an animal does not constitute infection. Bacteria are present 
almost everywhere in the environment of animals and human beings and 
some of them find constant lodgments on various parts of the body. For 
instance, pathogenic bacteria may be* present in the mouth, skin, digestive 
tracts and various other places in our body without causing infection. For 
the latter purpose, however, there must be growth of those bacteria, with 
diffusion of their poisonous products and a consequent tissue reaction. The 
bacteria are divided in this respect into two great classes: — 

i. Saprophytes: —Those living on dead organic matter. 

-• Parasites : —-Those living on and in, the animal body and may be 
either commensals or pathogens. 

(a) Commensals: —There are numerous species of bacteria which nor¬ 
mally inhabit various parts of the body, such as skin, conjunctiva, mouth, 
nasal passages, upper respiratory tracts, intestines and gential ducts (vagina). 
[Vide normal bacterial flora of the body]. Under normal circumstances, 
most of them do not produce any de finite disease, but when they depart from 
their normal habitat and invade the tissues of the body, they initiate disease 
process. Thus, so long as Kscherichia coli remains in the intestines, it is 
harmless, but its invasion into the body may give rise to cystitis, pyelitis or 
abscess formation. Similarlv, streptococci which are constantly present in 
the mouth as harmless commensals may cause subacute endocarditis, arthri¬ 
tis, etc., w hen they gain entrance into the body. Thus the commensals may 
be (i) XOX-PATHOCEXS or (ii) FA Cl' LT A Tll'E PATHOGEXS, i.e., 
givc'n an opportunity, they will prove pathogenic. Hence the latter are 
calk'd oppori twists by Theobald Smith. 

(b) Pathogens: — The chief function of these bacteria is to produce 
disease in man and animals. 1 hey are not normally present, but gain en¬ 
trance' into the bodv from another source and reach the system thiough cer¬ 
tain avenue's. 

Bc'fore* such organisms are' definitely incriminated as the eausathe agents 
of a disease, thev must fulfil certain conditions which are said to ha\e been 
summarised bv Koch and handed down to students of bacteriology as Kochs 
postulates . These are as follows: — 

(t) The particular organism must be constantly found in the lesions and 
present in the animal either dead or alive 

(j) Tlu'v must always be cultivated i.ial culture media and isolated 

in pure culture from those pathogenic lc. 
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(3) When inoculated into susceptible animals, thev should be capable 
of reproducing the disease. 

(4) From the inoculated animal and its lesions, the same micro-organism 
must be recovered in pure culture. 

Although such postulates were thought to be very good practical rules 
to establish the identity of a particular organism with any particular disease 
process, they are now found to be incomplete and even defective* in many 
ways. For instance, the demonstration of the development of antibodies in 
the blood serum of an infected animal forms an important diagnostic crite¬ 
rion, even if the infective agent cannot be isolated in pure culture. Again, 
there arc some diseases where, although the causative organisms are definite¬ 
ly and constantly found in the lesions, they cannot be cultivated outside the 
host and isolated in pure culture. The commonest example of such a disease 
is leprosy in which the Mycobac terium lepra* art* constantly present in the 
lesions, but they have not been cultivated and isolated in pure growth out¬ 
side the tissues of the human host. Again, with the rapid advance of science, 
many diseases have been found to be caused by some sort of organisms 
which, being too small to be seen with the highest power of the modern 
microscopes, are not seen in the lesions, nor can they be cultivated and iso¬ 
lated as demanded by the Koch’s postulates. Such are the many rims 
diseases. The question of the* reproduction of the disease by inoculation of 
the infecting germ is also to be* modified. For example, nobody has ever 
been able to reproduce leprosy in the animal and still the Mycobacterium 
leprae is the cause of the malady. Besides, many of the diseases such as 
typhoid fever, cholera, diphtheria, scarlet fever, etc., are not exactly repro¬ 
duced in the animal in the same form as they are found in man and as re¬ 
quired by the Koch’s postulates. Thus, it will be seen that the above maxims 
cannot be accepted in into and the time has come for modifying them so as 
to meet the modern advances in bac teriology. 

It is now necessary' to consider how the infecting organisms are spread 
from one victim to another and the route by which they invade* the* body. 
SOURCES OF INFECTIONS: —The dise ases whic h are communic ated to 
man are obtained chiefly from two sources, \iz. (1) man himself and (2) the 
lower animals. Man is the great sourc e and reservoir of most human infec ¬ 
tions. Man is the man’s greatest enemy, as mo .t of the diseases which are 
specific for human beings are communicated from man to man. The follow¬ 
ing are some of the diseases whic h are transferred from lower animals to 
man. (Fig. 65): — 

Glanders from horse. 

Tetanus from horse, cattle and sheep. 

Tuberculosis (partly) from cattle. 

Anthrax from cattle and sheep. 

Malta fever from goat. 

Rabies from dog . 

Rat-bite fever a fid Weds disease from rat. 

Plague from rat (Rat flea being intermediary). 
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MODES OF TRANSFERENCE:— These may he described under three 
heads:—(i) direct, (2) indirect and (3) through intermediate hosts. 

1. Direct: —Bacteria may he transferred more or less directly from 

person to person bv what is known as contact infection . \ he contact may 

be with actual cases or with carriers. In this mode of infec tion, the organism 
may be transferred from man to man directly by intimate contact. Among 
the diseases in which contact is usually direct, the* outstanding examples are 
gonorrhoea and syphilis and they are correctly called contagious. But in 
other cases, actual contact between tin* two individuals may not be* necessary, 
the transference being’ effected through air by what is known as ilro[>lct 
infection. In this method, the causal organisms leave* the* body through 
discharges (saliva and sputum) from the* mouth and nose and arc* sprayed 
out in the air during coughing, sneezing and speaking. They are then 
inhaled by a fresh victim who happens to come in contact with the se* persons. 
It is for this reason that overcrowding and lack of ventilation rende r transfer 
in this way particularly easy. Droplet infection is responsible for main 
epidemic outbreaks and always plays a dominant role in the* spread of main 
infectious diseases, such as tuberculosis, pneumonia, common cold, cerebro¬ 
spinal fever, diphtheria, whooping cough, measles, mumps, etc*. 

2. Indirect :—By this method, the* organisms are* transferred indirect In 
from person to person through water, food, soil and ftnnilcs. In a large- 
majority of the diseases contracted by indirect infection, the* organism is 
taken into the system through the* mouth. I'lu* common examples ot this 
class of diseases are typhoid fewer, cholera and dysentery. In this connec¬ 
tion it should be remembered that common house-flies play a \ c ry important 
part in the dissemination of the* above diseases. They act as mechanical 
carriers by transferring tin* infecting agent from contaminated exc reta and 
discharges to food. Other examples of indirec t contact causing disease*, 
are the sucking of a pencil alternately b\ the* diphtheria-currier and his 
school-fellows, thereby disseminating diphtheria. Similar!}, the* midwife’s 
or nurse’s or doctor’s hands may convey the* organism of pue rperal sepsis 
from case to case. 

3. Through an intermediate host: —In certain diseases, a blood¬ 
sucking insect transfers the* organism from individual to individual (Vide 
Fig. 65), e.g., plague by rat-fleas, yellow fever and dengue by mosquitoes 
(Stegomyia) and relapsing feve r by tic ks and lic e*. 

CHANNELS OF INFECTION: —'The micro-organisms causing disease 
may enter the* body by the* following channels: — 

1. Respiratory tracts, e.g., the* diseases which arc* spread by droplet 
infections, as in the case of pulmonary tuberculosis. 

2. Digestive tracts, e.g., the diseases which are disseminated by con¬ 
taminated food and drink, as in c holera, typhoid fever and dysentery. 

3. Genito-urinary tracts, e.g., the diseases which arc* contracted by 
sexual intercourse, as in syphilis, gonorrhoea and tuberc ulosis (rarely). 

4. Skin, e.g., the diseases which are transmitted by blood-sucking 
insects (Insect-borne diseases). 
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Note: (i) About cjo pe r rent of all infections are taken into the bodv 
through the mouth. 

(ii) Organisms taken in by the mouth and nose, do not necessarily cause 
respiratory infections. As for example, in cerebrospinal fever, meninges of 
the brain and the spinal cord arc involved and in acute anterior polimyelitis, 
anterior born cells of the spinal cord are involved, although in both cases, 
the portal of entry is the upper respiratory trart. 

CERTAIN TERMS IN CONNECTION WITH INFECTION AND 
INFECTIOUS DISEASES 

Fomites: —The term usually refers to inanimate objects such as bed¬ 
dings, clothings, drinking tups, pencils, toys and other objects, which are 
capable ol absorbing, retaining and transporting infectious agents. 

Carrier: A person who harbours pathogenic micro-organisms in his 
bod\, but who, nevertheless, shows no signs or symptoms of the disease, is 
known as a earner. It lias been definitely found that during an epidemic 
outbreak, many more persons carry the* germs of the disease than those who 
actually contract the illness. Although the carriers themselves escape from 
an acute attack, they always serve to scatter the germs and spread the 
disease. 

Contagious and infectious: —A contusions disease implies direct or 
personal contact, the best example of which is syphilis and gonorrhoea. An 
infectious disease may not hi* conveyed directly and so obviously as the 
former, but indirectly, through some hidden influence or medium. Thus, 
infectious diseases may he contagious and contagious diseases are infectious. 

Epidemic , Endemic , Pandemic and Prosodemic 

Epidemic: —A disease is said to be epidemic, when it spreads rapidly 
and attacks many people at the same time. (A similar condition amongst 
animals is called epizootic). 

Endemic: _A disease is said to be endemic, when it is constantly pre¬ 

sent, to a greater or less degree, in any particular place. Insect-borne 
diseases are best examples of endemicity. “ An endemic disease smoulders, 
whereas an epidemic hursts inti) flames ." 

Sporadic:— A disease is said to be sporadic, when a few scattered cases 
occur now and then. 

Pandemic:— A disease is said to be pandemic, when a large number of 
people in many countries are affected at the same time, i.e., a disease which 
is more or less epidemic everywhere. As lor example, influenza was pan¬ 
demic on two occasions (18S9-90 and 1918-19); plague was pandemic on many 
occasions. 

Prosodemic: —This term refers to ?'•■-'• endemic diseases which are 
creeping or smouldering and are transmits ^ person to person c le ) y 
contact. The best example is Cerebrospm ■ • 1 • 
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FACTORS WHICH PREDISPOSE TO BACTERIAL 

INFECTION 

In order that infection may take place, certain essential conditions must 
be fulfilled and this may be considered under two heads: (A) those which 
arc concerned with the injecting agent and (H) those which a/c rone cmjcc] 
with the subject of infection. 

A. INFECTING AGENT: — In tin* rase of a partic ular bacterium, its 
effect will depend chiefly upon the following:— 

1. Virulence of the organism. 

2. Xumber of the organisms intreduced, i.e., the dose of the inject¬ 

ing agent. 

A ppropriate avenue of infection. 

4. Defence of bacteria, i.e., nature of the resisting powers of the 
bacterium. 

1. Virulence: —Virulence of a bacterium determines, other things 
being’ equal, whether or not infec tion will occur. The pathogenicity ol a 
bacterium depends on the invasiveaess and toxigenic' properties of tin orga¬ 
nism concerned. By invasiveness we mean that tin* organism has greater 
capacity for multiplication in tissues, or are more able- to resist phagocytosis 
and other destructive agencies. 1'his is best exemplified by the* hiemohtir 
strain of streptococci, which produces a fatal infection owing to its invasive 
property, in addition to toxin production. Again, there are species of 
bacteria which do not spread widely in tissues, but their degree of virulence 
depends entirely on their power of toxin production. ('orynebacterium 
diphtheria? and Clostridium tetani are strong toxin producers with but little 
invasiveness. 

2. Number of the organisms (Dose of the infecting agent): - 

Healthy tissues c an usually re sist a certain number of pathogenic' organisms 
of a given virulence. A small number, received intermittently, will probably 
be destroyed and this may lead to an increased immunity for that partic ular- 
organism. When, however, the organisms are received in massive doses 
and in quick succession, infec tion is most likely to occur (<’/. Tuberculosis). 
The current dose of infection depends on the proximity of the sourc e and the 
time of exposure, and these again are largely influenc ed by overc rowding and 
lack of ventilation. Hence, these factors are to be seriously considered in 
the prevention of many infec tious diseases (particularly respiratory diseases). 

3. Avenue of infection: —The bacteria must gain entrance into the 
body by a path best adapted to their own requirements which shall permit 
them to proliferate, after gaining a foothold. Certain organisms, such as 
Vibrio comma, Kberthella tvphi and Eberthella dysenterhe, will not produce 
any intestinal disease when injected subcutaneously. For the production 
of specific diseases, they must gain entrance through the alimentary tract. 
Similarly, Neisseria gonorrhoeas can produce disease, if they enter the body 
through the mucous membrane of the genitalia or the conjunctiva. 
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4. Defence Of bacteria:- Bacteria are provided with certain equip- 
ments which help them m overcoming the defensive mechanisms of their 
hosts and these are as follows: — 

(\) Presence of capsules:— Some bacteria insulate themselves in the 
animal body by the (oimation of capsules. It has been mentioned before, 
that thcie is some relation between capsule formation and virulence of a 
bacteiium. Ibis is particularly seen with Diplococcus pneumonia: (Pneumo- 
('o< < 11s), the capsulated form is distinctly virulent, whereas the non-capsulated 
form is a virulent. 

(ii) Spore-formation: Certain other bacteria have the property of 
de\ eloping spores, when placed under adverse circumstances; when this is 
overcome, i.e., in Javourablc conditions, they again develop into vegetative 
forms and are thus capable <>l producing disease. 

(iii) Products of bacterial growth: — 

(a) LFA ( (U 11)1 \ :—Ibis is a substance produced bv certain bacteria, 
pai tietilarly staphylococci, which lias the property of destroying leucocytes. 

(I)) A (1(1 R hSSJ \ .S;—I hese substances are secreted by the living unin¬ 
jured bacteria. They are not derived by solution of bacteria. It has been 
claimed by Hml that production of aggressin is definitely related to virulence 
of bacteria. Aggressin helps infection by inhibiting the defensive mecha¬ 
nism, part icularh, if not solely, by blocking phagocytosis, as well as repelling 
the leucocytes (negati\e i hemiotaxis). There are certain bacteria which are 
notable for the production of aggressin, the most important being the anaero¬ 
bic organisms of gas gangrene. 

(iv) Development of resistant strains: —This is particularly met with 
in the spirochictes of relapsing fever. After the crisis, a few spirochetes 
which arc not destroyed by the immune bodies of the serum survive and 
develop into resistant forms. These are serologically a distinct strain 
and are responsible for the occurrence of a series of relapses from which the 
patient sutlers, and for which the disease is called relapsing fever. 

B. SUBJECT OF INFECTION:- For infection to take place, suscepti¬ 
bility of the host is also important. Susceptibility is the reverse of immunity; 
when one is high, the other is low. Susceptibility to a particular micro¬ 
organism varies according to species and racial peculiarities. These ques¬ 
tions are considered in greater detail in the chapters on natural immunity. 
Apart from them, certain factors influence the susceptibility of an individual. 

They are the following: — 

1. Age : —Infants, owing to the non-development of their resisting 
powers, are susceptible to certain diseases, such as measles, diphtheria, 
w hooping cough, etc. Old subjects, owing to enfceblemcnt of their resisting 
powers, are prone to attacks of pneumonia and other diseases. 

2. Habit8 :—Sedentary occupations. ..nee in ill-lit and ill-ventilat¬ 
ed quarters, predispose to such an infecti< iberculosis. Uncleanliness, 

dirty habits and insanitary and unhygienic • -aments make a person more 
liable to attacks of many infectious discas- 
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3. Diminished vitality: —This may Ik* local or general. 

(a) Local:— 

Trauma: —Local injury to hones predisposes to such infections as 
osteomyelitis and tuberculous joint disease. Local injury to skin is one of 
the chief factors which render invasion possible by breaking the continuity 
of the epithelial layers. The degree of trauma, however, varies with different 
organisms. For example, it must necessarily be extensive for gas gangrene, 
but it may be very minute or even microscopical for syphilis. 

(b) General:— 

(i) Poverty leads to debility and debilitated and enfeebled subjects arc 
particularly liable to acute infections, such as pneumonia, dysentery and 
tuberculosis. 

(ii) ('onstit utional diseases, e.g., Diabetes and chronic Bright’s disease. 
Such persons are very prone to infection by various kinds of pathogenic bac¬ 
teria. A diabetic often suffers from pyogenic' coccal infections of the skin, 
such as carbuncles and furuncles, while gangrene supervenes on slight in¬ 
juries. Tuberculosis, pneumonia and other pulmonary diseases set in \ery 
easily and are frequently the terminal infections which prove* rapidly fatal. 
A person suffering from chronic Bright’s disease, is more prone to erysipelas 
and other Streptococcal infections than a healthy person. 

(iii) Certain infectious diseases :—One* infection mav devitalise the* sys¬ 
tem so much as to allow another infection to establish itself. It is lor this 
reason that tuberculosis is commonly flared up after influenza, measles, 
whooping cough, etc. 

(iv) Vitamin deficiency: — \ he lack of vitamins, particularly the anti- 
infective* A and D varieties, in the dietary, is likely to increase- the- suscepti¬ 
bility to infections. 


DEFENCES OF THE BODY AGAINST BACTERIAL 

INVASIONS 


This can be discussed under two groups. Ceneral or non-specific 
factors, which are available for the* resistance* to any infection and such non¬ 
specific reactions may suffice when the number of organisms is small; and 
specific factors , which are e*re*ate*d only in response* te> specific inle*ctions. 

GENERAL OR NON-SPECIFIC FACTORS (Vide also the c hapter on 
Natural immunity). These include the* following: — 

1 . Intact, healthy skin and mucous surfaces : —The* unbroken 
surfaces of the body have a considerable protective action in preventing 
the entrance of microorganisms. Any breach in the integrity will lower 
the resistance and favour the invasion by micro-organisms. W hereas a 
healthy condition of the mucous membranes prevents entrance of any germ, 
a catarrhal condition will upset the equilibrium and pave the* way ibr the 
invading bacteria. It is an important fact that a tissue, in the stage of 
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catarrhal inflamation, is always in a state of lowered resistance and there- 
for(‘ cannot at't as an efficient harrier to the invasion of other bacteria. 
Thus catarrh of the respiratory tract, produced during an attack of common 
cold, predisposes to the development of cerebrospinal fever. Similarly, 
('atarrh of the respiratory trart in measles, whooping cough and influenza 
is often followed by a tuberculous infection. 

2. Secretions and excretions of the body:— They also play a part 
in eliminating the invading bacteria, by washing them out mechanically or 
by producing a destructive action on them, owing to the presence of certain 
enzymes. 

d- Various reflex phenomena , such as coughing, sneezing, etc., 
pla> some part in warding off the bacteria which have alrcadv gained 
entrance into the bod\. 

T Rise of temperature: —Febrile condition, generallv induced by 
infection, is probabh to some extent, a protective mechanism. The raised 
temperature is not <>nl\ injurious and harmful to bacteria but it also 
produces a beneficial effect, owing to the associated increase in the pulse 
rate and consequent quicker circulation which leads to flushing out of 
tissues and elimination of toxins. Hence it is not desirable to reduce the 
febrile reaction too much in all cases b\ artificial means. 

.S- Phagocytosis:—1 his is the process by which bacteria are 
destrosed bs the leiicoestes and tissue ('ells. The ('ells ingest the bacteria 
and destros them bs means of JermcnJLs. The most active phagocytic cells 
aie the neutrophilic pol\ morphonuelcar leucocytes which are concentrated 
in large numbers at the site of the lrsi#w. Such a reaction is the result of 
a chemiotactic stimulus to the bone-marrow provided by the bacterial 
infect ii >n. 

o. Bactericidal substances in blood serum: —Blood scrum con¬ 
tains certain bactericidal substance's, such as alexin, /J-lysin and others, 
which are normalls present and tend to resist bacterial infection (\ ide 
chapter on natural immunity). 

SPECIFIC FACTORS: —Introduction of bacteria and their toxic 
products leads to the formation, in the inoculated animal (if the animal 
survives the effect of the inoculation), of certain immune substances which 
ha\e the power to dcstrov or neutralise the inoculated material. The 
substances which on injection into the tissue of an animal gbe rise to the 
development of antibodies are known as antigens and the immune sub¬ 
stances which are developed in the living body in response to the presence 
of antigens are called antibodies. The serum of the animal, which contains 
the antibodies is called an immune serum or antiserum. Similar results are 
obtained when an individual recovers Ir«*i.. a disease. 1 he antibodies so 
produced, c irculate in the blood stream • ne specific lor that particular 
disease. Ovvino to this specificity, they - -feat value in the diagnosis ot 

those diseases. The antisera may be. k,nds ( a ) (l,,tlloxlc ancl ( ) 

antibacterial. 
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(a) Antitoxic sera:— These are produced in cases of infections by 
bacteria which produce exotgxin. The resulting’ antibody is called 
antitoxin. 

(b) Antibacterial sera : —These contain antibacterial antibodies which 
are produced as a result of inoculation with the bacteria which produce 
endotoxins. Two classes of such antibodies art* recognised. 

(i) A class in which the interaction with antigen in saline is demonstrable 
by the use of the antibody alone, e.g., tgglutinins and precipitins. The differ - 
ence~betA\x*en .a gglu tination. and precipitation reactions Jiowc\er depends on 
thejj$e pfjintigens in two different states, particulate and soluble. 

(ii) A class in which the presence of a l abil e substance in tin* serum, 
called complement, is necessary to complete the reaction, e.g., bacteriolysins. 
Antibodies which require complement for their demonstration are designated 
by the generic name immune bodies or amboceptors . The nature of these 
immune bodies may be of various kinds and they arc named according to the 
nature of their action, e.g.: — 

1. Bacteriolytic immune body —when it leads to lysis of bacteria. 

2. Hccmolytic immune body —when it leads to lysis of erythrocytes. 

3. Opsonic immune lunly —when it leads to phagocytosis. 

4. Complement-fixing body —when the combination takes place with 
or without lysis of the antigen. 

PATHOLOGICAL EFFECTS OF BACTERIA 

After pathogenic bacteria have gained entrance into the body, they 
begin to multiply rapidly and produce poisons Which may act both upon the 
tissues around and also upon the body generally. The bacteria inflict 
injury chiefly by originating poisonous substances, the nature of which has 
already been discussed on p. 38-30. 

The bacteria may remain localised, producing either a marked local 
reaction, or little local reaction with marked general effects. The bacteria 
may also find their way into the blood stream, via the lymphatic s and veins, 
and then may settle in other parts of the body, where they multiply and 
produce lesions. 

Certain terms in connection with the generalisation of bacteria or their 
toxic products are discussed below: — 

1. Bactericemia: —This is a condition in which there is a mere pre¬ 
sence of the organisms in the blood. The organisms are few in number, 
they fail to multiply in the blood and are soon destroyed. The best example 
of bactericemia is the early period of typhoid fever. The term, therefore, 
signifies the temporary existence of the specific micro-organisms in the 
blood stream and the condition being regarded as incidental to, but not co¬ 
extensive with, the infection. 
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2. Septicaemia: —This is a condition where the organisms actively 
multiply in the blood stream and tissues and produce toxins. This is a 
much more serious condition. The bacteria which are notable for the 
production of a septicemic condition are Streptococcus hccmolyticus, Staphy¬ 
lococcus pyogenes (in puerperal and post-mortem or post-operative wounds), 
I), pneumonia' (Pneumococcus), X. meningitidis (Meningococcus), B. 
anlhracis, P. pestis (Plague bacillus), etc. These organisms break the tissue 
barrier at the site of local infection and invade the blood stream. 


3. Pyaemia: —This is a condition in which septicaemia is complicated 
by the formation of multiple abscesses in different parts of the body. These 
metastatic abscesses originate as a result of detachment of small portions 
of infected thrombi, containing bacteria, and their subsequent lodgment in 
remote capillaries. According to the origin of these infected thrombi, 
pv;emia may be divided under three groups: — 

(a) Arterial pyatnia , e.g., infective or ulcerative endocarditis. 

(b) Portal pycemia (suppurative pylephlebitis), e.g., in suppurative 
appendicitis and suppurative piles. 

(c) Systemic venous pyncmia, e.g., in osteomyelitis, cellulitis and septic 
uterus (puerperal). 

4. Toxaemia:— It is a condition where the products of bacterial growth 
(toxins), without the bacteria themselves, circulate in the blood stream from 
a localised infection. Hence these diseases are characterised by the absence 
of bacterhemia. The most important examples are tetanus, diphtheria, 
cholera and bacillary dysentery. 

Saprcemia: —This is a variety of toxaemia. It is called septic 
intoxication and is due to the absorption of poisonous products from those 
organisms which are capable of attacking dead tissues only (saprophytes), 
e.g., gas gangrene and tetanus. 

In this connection, it should be remembered that after generalisation, 
the organisms or their toxins show special predilection foi particular tissues. 
This selective localisation how ever varies with different organisms, e.g.: — 


F. typhi for small intestine. 

X. meningitidis for subarachonoid space. 

I), pneumonia' for lung parenchyma. 

Diphtheritic toxins for peripheral nerves, heart and kidneys. 

Tetanus toxin for motor nerve cells (tetanospasmin) and for red cells 


{tetanolysin). 


llotulinus toxin for cranial motor nerve cells (Oculomotor and Vagus) 


Again, micro-organisms of the same species may show a considerable 
variation in their tissue affinities. For example, while some - treptococci 
affect the skin producing erysipelas, others affect the throat causing scar et 
fever and tonsillitis, whilst still others involve the heart, the S a a er 
and the stomach, giving rise to endocarditis, cholecystitis and gastric ulcer 

respectively. 
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PATHOLOGICAL CHANGES PRODUCED BY 

BACTERIA 

These may for convenience he arranged in a tabular form as follows: — 

1. LOCAL:— When the poisons remain mainly confined to a particular 
spot. The character of such local lesions may he (a) inflammatory tissue 
reaction (cellular reaction) and (h) degeneration and necrosis. Such local 
reaction in tissues, in certain circumstances, is a specific response which is 
so characteristic as to be diagnostic of the condition. This is particularly 
seen in infective granulomas, such as tuberculosis, syphilis, leprosv, 
actinomycosis and various other conditions. 

2. GENERAL: —W hen the bacteria or their poisons are diffused 
through the circulation, they produce changes which may be specific, 

reactionary and general systemic'. 

r*-'-'".. 

(a) Specific changes: —These depend on the selec tive localisation. 

’ (b) Reactionary changes: —These are manifested in certain organs, 
suc'h as the bonc-nmn'o'w and the reticulo-etnlothelial system. These 
effects are particularly seen in the alterations in the* circulating Tlood, such 
as leucoeytosis with neutrophilia, amentia, monocytosis and formation ol 
various immune bodies. 

(c) General systemic changes: — These are the following: — 

(i) Injury to secreting glands, such as kidneys and liver. It is for 
this effect, that the u/ine becomes high coloured, scanty and concentrated. 
In cases of severe damage to the kidneys, evidences are found in the presence* 
of albumen and tube easts in the urine. I he* sec retions of the liver, stomach 
and the intestines are also great In hampered, producing anorexia, 
constipation and various other digestive disturbances. 

(ii) Involvement of vital organs: —The most important vital 
organs whic h are affected are the heart, suprarenals and the nervous system 
The weakness of the heart and the fall of blocIcT pressure after an infec tion 
are all due to suc h involvements. 

(iii) Fever: —A rise in temperature is a very constant accompaniment, 
the degree of fever always depending on the character and intensity of the 
poison and the susceptibility of the heat-regulating mechanism of the 
affected individual. 
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DEFINITION: — Immunity is a term which broadly denotes non- 
susceptibility to disease. In bacteriology, it is applied to mean a resistance 
which an organism develops, either as a result of inheritance or of having 
acquired it some time during lile, either by passing through an attack of the 
disease or through an artificial inoculation. It is known from verv ancient 
times that a person who gets an attack of smallpox, does not suffer from 
the disease a second time in his life. Once a man survives an attack of 
cholera, typhoid fever or diphtheria, he may remain free from the risk of a 
second attack of the same disease. The resistance which a person acquires 
alter recoven from an infective disease is due to the development of 
immunity . 

VARIOUS METHODS OF PRODUCTION OF IMMUNITY:— 

For purposes of convenience, the various aspects of immunity have been 
summarised in a tabular form. 

Immunity 



\atui al 


Acquired 



(Inherited oi ti»*n»tic) 






Rat ini 

|Vrsi»nal or 

Ac 1 1 \** 

Passive 


mdiv idunl 






Specific 

Non-specific 

B\ 

By artificial 




inheritance 

means 




By foreign 
proteins and 


(i) Serum therapy 


(ieilernl 

Local 

he.i v\ metals 


(ii) Bacteriophage 

By an 

By repealed 

By 


Into 

dinal 

attack 

and hequent 

some 

Cutaneous 

of tile 

exporters to 

arti¬ 




disease 

small minimal 

ficial 

1 

Bili-v 



doses (it in- 

means 

Anti-virus 

accine 


Injectiuii of bacteria 

(i) Living aiul highly virulent but in sni 

(ii) laving but with reduced virulence 

(iii) Dead (vaccines) 


Injection of toxins 
-• Vthal doses 



1 JO 


IMMUNITY 


NATURAL IMMUNITY 

This means spontaneous resistance which is possessed by every animal 
to fight against tin* harmful effects of micro-organisms and their poisons. 
Every animal naturally possesses a large amount of inherent forces by which 
its body can oppose noxious influences of whatever kind that may disturb its 
ordinary smooth working. The sum total of such defensive lones may be 
defined as natural immunity. This may depend on the following:—- 
I. Species, 2. Race and 3. Personal or individual factors. 

I. Species immunity :—It is observed that certain diseases which 
are common in human beings are practically unknown amongst animals. 
For example, animals do not suffer from the following diseases, such as 
typhoid fe ver, cholera, scarlet fe ve r, gonorrhtea and s\ philis, which arc 
exclusively human diseases. Converse!), there are diseases amongst 
animals, which do not spontaneously attack man. 'Mills, human beings 
enjov immunitv against rinderpest and to a less extent, against chicken 
chedera. Again, it is seen that amongst tin* same* specie's, some animals 
are very susceptible to certain diseases, whereas others are resistant to 
them, e.g. : — 


i. Rats are immune* to diphtheria, whereas guinea-pigs are* \e*r\ 
susce-ptible*. 

ii. Dogs, sheep, goats and horses are* immune* to tuberculosis but 
guinea-pigs are* ve ry siiseeptible* to it (partie ularlv te> the* human 
type*.). 

iii. Pigcems are* immune to pneumococcus infection, but white miee* or 

rabbits are* very susceptible* to it. 

iv. Alligators, lizards and turtles are* immune* to tetanus. 

v. Rats, dogs, fowls, frogs and crocodiles are immune to K. anthrae is 
and Cl. tetani. 

vi. Hedgehogs and mongoose's are* resistant te> snake* venoms. 

2. Racial immunity: —Apart from the species immunity, separate 
races within the same* specie's, display diffe-rences in their susceptibility to 
certain diseases. Amongst human beings, the Jews have more* resistance 
against tuberculosis than the Negroes. In our country, it is often seen that 
men residing in the Himalayas, possess little* e>r no resistance* against tuber¬ 
culous infection. When they are* once infected, they die* very quickly, with 
rapidly developing lesions. Amongst animals, while ordinary sheep are very 
susceptible to anthrax, the Algerian variety is very resistant to it. 
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3. Personal or individual natural immunity: —Besides the 
species and racial immunity, there are certain defensive mechanisms which 
are common to all animals. These can be discussed under the following- 
heads : — 

A. Physical. 

(i) Integrity <>f the investing layers of the body —The investing lasers 
of our body are the skin and epithelium, and so long as these are intact, 
they oiler an almost complete barrier to the entrance of bacteria into the 
deeper tissues. The acid reaction of the sweat constantly serves as an 
inhibitory agent against the pathogenic bacteria which may be lodged on 
the skin surface, thus serving the purpose of auto-sterilisation; while the 
hard squamous cells in the superficial layers of the epidermis, constantly 
undergoing keratinisation, act as an impenetrable barrier against the 
entrance of the organisms. 

(ii) Secretions and excretions of the body —These form the second line 
ot defence to the entrance of the organisms. They constantly bathe the 
epithelial surfaces and thus maintain the healthy condition of the skin and 
mucous membranes. The secretions from the mucous glands (mucin or 
mucus) are also verv useful. They are present in various mucous membranes 
and act as a protective coat by offering a barrier against the invading 
bacteria. I hey act mechanically b\ entangling the invading organisms 
and subsequently getting rid of the intruders. It will be seen later that the 
presence of Ivso/vme, a ferment-like substance, may help, to a certain 
extent, to prevent the settlement of any bacteria, particularly saprophytic 
ones, on conjunctiva and other mucous membranes. 

(iii) Ciliated epithelial cells —These produce a current and such physical 
movement can ward off the invading bacteria or offending materials. The 
best example of this is the ciliated epithelium of the respiratory tracts. 

B. Chemical. 

(i) ( iastric Juice- V he free hydrochloric acid (the normal figure varies 
from o*o2 to 015 per cent.), secreted by the gastric mucous membrane, 
is highlv bactericidal and thus acts as a strong protective barrier. Acidity 
of the gastric juice has, therefore, a great value in the prevention of many 
diseases like cholera, enteric fever, tuberculosis, etc. 

(ii) Lysozyme —This name was given by Fleming (1922) to a ferment- 

like bactericidal substance, which is found in all tissues and in all secretions, 
except in urine, sweat and cerebrospinal fluid. It is specially found in 
greatest concentration in tears and cartilage. This substance does not 
dissolve all spec ies of organisms but produces its bactericidal effect 011 
certain tvpes of saprophytic bacteria, more particularly, a type of 
saprophytic' micrococcus, called by Kletrw- Micrococcus lysodeikticus. 
This organism is particularly used to dec te the action of lysozyme. 

In addition to the above organisms, em- *i are specially susceptible 
to lysozyme. Owing to the presence of.erful ferment in the secre¬ 
tions which bathe the mucous surfaces 0' cs » nose and mouth, the 
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saprophytic* invaders are unable to get a suitable lodgment there. Hut it is 
doubtful how far lysozyme-action can extend to organisms of the more 
parasitic type. 

C. Celltllo-humoral: —This is a variety ot defensive mechanism which 
is present as an inherent and primitive* function in the cells and fluids, o! the 
body. 


i. CELIA LA R :—In every scale of c reation, there is always present 
a sufficient provision for defence and regeneration, otherwise* no species 
would live and survive. In an unicellular organism, this is an inherent duty 
of the protoplasmic mass which constitutes the* body of the* organism, for 
instance, when a small portion of the cytoplasm of such an organism is 
destroyed, leaving the* nucleus intact, the injury is quickly repaired b\ a 
closing together of the* uninjured portion ot the* protoplasm. \\ hen any 
bacteria or foreign particles happen to come in contact with its bods, 
producing an injurious influence, 111 c* same* is at once engulicel in the* mass 
of the cvtoplasm with the help of pse udopodia. Thus, the various prope*rties 

suc'h as chemiotaxis, phagocytosis, adaptation and healing, which are 

necessary for the* e*xiste*nc'e* of life* and its dcle*nec, are* all present in one* and 
the same structure, viz., the* protoplasm of tin* organism. With the evolm 
tion of the* creation, when we* examine* the lowest forms of multicellular 
organisms, we observe* some* differentiation and division of labour among 
the various evils constituting their bodies (Fig. <>0). For instanc e*, the outer 

laver ot evils remains protc*eti\e*, as an outer 
line* of defence against external invasions, 
whereas the* inner laver, which becomes in- 
vaginated, is entrusted with the* digestive* 
functions. Met ween these two lavers of cells, 
there is found a special group of cells, the* 

mesodermal cells, king irregularlx Mattered, 
and with very marked powers of motilitv and 
phagocytosis. 'I hex represent the* lowliest 
forms of leucocxtes, the* wandering phagoev- 
tic mononuclear ee*lls and the* connective tissue 
tells and are* the* principal agents for internal 
defence and repair. If any living evil be 
destroyed or any injurious age nt ge ts an acc ess 
into the body, those evils in the immediate 
neighbourhood spread out their pseudopodia 
with a view to engulf the* injurious agent, 

remove* the* debris and fill up the gap by rapid 
multiplication and growth. In the* higher scale 
of creation, with the development of the* 
vascular system, these various defensive cells 
are* distributed in a regular order in eliffcrent 
groups and in different localities, so as to be* 
able to serve the best interests of the* individual. Compare the* conditions of 
aboriginal tribes-men in Central Africa with the highly organised system of 
any modern power of Europe or America. While in the former the defensive 



Fig. 66 

A transverse section of one 
of the* lowest forms of 
metazoa showing the* func¬ 
tional differentiation of 
cells (Diagrammatic;. 

cc, ectoderm; en, entoderm; 
m, mesodermal cells; pi, a 
plasmodium mass formed 
by the fusion of wandering 
mesodermal cells to engulf 
the foreign body f.b. 
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median isms art* lt*ss effectual and disorderly, in the latter, the same are 
highly organised and very effective and strong, not only with the modern 
seientifie weapons of defence, but also with the rapid transport facilities and 
means of communication. 

THE CELLS FOR DEFENCE: 

(i) lu the circulating blood : 

(a) Granular —Neutrophil and eosinophil cells. 

(h) A on-granular- —Lymphocytes and hyaline leucocytes. 

(ii) In the tissues: 

(a) Wandering cells— These are acthely motile with amoeboid move¬ 

ment and possess the power of phagocytosis. They are 
mononuclear cells. 

(b) i'omiectire tissue corpuscles —Those are somewhat fixed and act 

as a sort of a ready reserve for repairing an injury. 

(c) Sessile histiocytes, lining the capillaries of the liver, spleen, bone- 

marrow, lymph glands, etc. They are possessed with great 
power ot phagocytosis and production of powerful antibodies. 

A tew words about their functions and modes of action mav be men¬ 
tioned here. In the defensive mechanism, their work may be as follows: — 

( i ) M echanical: -This is carried on mainh by a process of phagocytosis. 

(j) Hiochemiail: — 

(i) Ferments and enzymes: —These are liberated in the serum when the 

leucocx tes are disintegrated, as for example, in an area of 
inflammation. They are proteolytic' in nature and liquefy the 
exudate and the damaged and injured tissues before repair is 
possible. 

(ii) Frodaction oi opsonins and other immunity factors: —These diffuse 

into the circulating blood and are detectable in the serum. 

(}) Reparative: —This comes very late. 

II. HI MON M L: -Apart from the various physical, physico-chemical 
and cellular agencies, then* are various basic defensive mechanisms inherently 
residing in our tissues and fluids. These are: — 

(i) BACTERICIDAL ELEMENTS IN THE BLOOD:—Lord Lister 
(iSNo-Si) found that ox-blood, when shed asepticallv from the animal, keeps 
for long and that even milder grades of contamination will have no effect in 
producing a detec table growth. On the contrary, if a single bacterium gets 
into milk, an abundant growth will take place. This experiment demon¬ 
strates that the blood has an inherent propi.f* of destroying organisms, due 

to the presence of bactericidal or growth- .ming elements in the serum. 

The following substances have been fc .the 1 serum to produce the 

bactericidal action. 
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(a) Leukins and Plakins:—Leukins art* bactericidal substances derived 
from the extracts of leucocytes. They are heat-stable bodies. They have 
a marked bactericidal action, specially on the saprophytic spore-bearing 
group. Plakins are also similar substances obtained from platelet extracts. 
These substances cannot be increased by active immunisation. 

(b) /J-Lysins ( Petterson ):—This term is given to a heat-stable (less than 
leukin) bactericidal substance present in normal serum to differentiate it from 
leukins and alexin (a-lysiti). The substance has a marked bactericidal action 
on the organisms of the anthrax-subtilis, and also the proteus groups. There 
is no evidence that jS-lysin content of the serum can be increased in amount 
bv specific immunisation. 

(c) Alexin or a-lysin: —Buchner gave the name alexin to another bacteri¬ 
cidal substance present in normal serum which is heat-labile, i.e., destroyed 
bv heating to 55°C. for 30 minutes. The organisms which are readib sus¬ 
ceptible to the action of alexin are the typhoid-colon-dysenterhc group. 
Other organisms that are susceptible to its action are Vibrio comma (V. 
cholera*), Pseudomonas teruginosa (B. pyocyancus), Diplococcus pneumonia* 
and Streptococcus. This substance however can be increased by specific 
immunisation. 

The following is a table showing the differences between these \aiious 
bactericidal substances: — 

Alexin or <i-l\sin. ^ 3 -l\sin. Leukins. 

Source. Normal serum. Normal serum. Lxtracts ol 

leucc »c\ tes. 

Heat-resistance. Heat-labile. Less heat-stable Heat-stable. 

than leukins. 


Readily susceptible Typhoid-colon- Anthrax-subtilis 

organisms. dysenteria* group. group. 


Saprophx t ic 
sp< >1 e-bearing 
aerobic group. 


Lffect of immunisa- Increased b\ spec i- No effect. No effect, 

tion. fic immunisation. 


(ii) OPSONINS : —In normal serum, there is a substanc e* whic h is able* 
to sensitise micro-organisms and make them more* suitable for phagocytosis 
by the poly-nuclear leucocytes. To this substance, which is thermo-labile, 
Wright and Douglas (1903) gave the name opsonin . 
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(iiij A(i(iLL I ININS:— I his is a substance present in the normal 
serum to a certain extent and shows a considerable degree of specificity. 

1 heir mam action is to produce dumping of bacteria and thus help baete- 
riolysis. 

ACQUIRED IMMUNITY 

This type of immunity is developed after an attack of a disease or by 
artificial means. It may be, either (i) active, when the cells of the body take 
an active part in the production of immune bodies; or (ii) passive, when the 
i tll^ ol the bod> do not take any active part in the production of immune 
bodies which are onl\ transferred passively from one individual to another. 

ACTIVE IMMUNITY 

ACTIVE IMMIIN 11 Y IS a term which denotes a resistance imparted to the 
indi\ idual b\ the activity ol the various defensive forces existing in his 
bod\. 1 his may develop either from an actual attack of the disease or by 
artificial means. When once developed, it usually tends to persist for a 
l <,n .k period. I he elements of the body which are responsible for the 
production ol these protecti\e substances remain in a verv highly sensitive 
and { v itable state, so that, as soon as there is a chance for anv second 
attack of the same disease, they begin to throw out into the blood and tissue 
fluids, antibodies, in an explosi\e wax, resulting in the complete arrest of 
the progress fit the infecting agent. Active immunity may be specific and 
non-specific. 

Specific active immunity may again be divided into (a) general 
or (b) Lnal (Bestedka). I he latter is only applied to skin (anti-virus) and 
intestinal muc ous membrane (bili-vaeeine) at present. This type of immunity 
is acquit ed against a certain specific organism or infection. 

Son-specific active immunity is a resistance which is developed from 
a great* r mobilisation of the normally existing antibodies, as a result of the 
stimulation ol the antibod}-forming elements in the sxstem. Ihis may be 
india ed b\ the introduction into the bod}, of substances, such as foreign 
proteins or heavy metals. In this general mobilisation of defences, any infec¬ 
tion which max be present at the time, may be more effectively dealt with. 

SPECIFIC ACTIVE IMMUNITY, GENERAL 

METHODS OF ERODECTIOX 

l. By an attack of the disease. 

By repealed and frequent suhmininial injections. 

j. By artificial process. 

I. By an attack of the disease: —Examples of such active acquired 
immunity are afforded by all those cases in which recovery from a single 
attack of an infective disease confers absolute or relative immunity against 
a recurrence of the same infection. The h*llowing are some of the diseases 
in which active resistance is produced as .. alt of recovery from a typical 
attack of the disease; smallpox, enteric •• diphtheria, scarlet fever and 
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cholera. Pneumonia and influenza, on the contrary, are the diseases in 
which an attack confers little or no immunity. W hen a person is attacked 
with any disease, all the ('ells and fluids of his body acquire newer and greater 
powers of attacking the invading organisms. These are developed from the 
various natural defensive forces which already exist in his body. W hen the 
person recovers, all the protective powers persist in a very much augmented 
state, to a greater or less extent, throughout the rest of his life. 

2. By repeated and frequent subminimal infections: W ith this 

mode of infection, the person does not sutler from the svmptoms of an 
actual disease. These infections arc- so light in severity and transient in 
duration as to escape detection, but they mav ha\c a considerable immunising 
value. Commonest examples of such immunitv are seen in the case- of labora¬ 
tory workers, hospital stalls, nurses and so on. This is ver\ important from 
the point of view of public health, as mass immunity is developed in this was. 
ll one takes a large* number of unselected nmug children from slums, as well 
as, from well-to-do persons, he* will find that the percentage of children who 
are non-susceptible to diphtheria, /.<*., giving a negative Schick reaction, 
will be* greater in the poore r class than in the well-to-do ( lass. The prodin - 
tion of slab Schiek-ncgativc cases can be explained b\ supposing that the 
children of the poorer ('lass of people have greater chance of coming in inti¬ 
mate contact with either carriers or suflerers and therein making them liable 
to frequent risks of small doses of infection which built up and graduallv 
increased the amount of immunitv. It is in this wav that a large number 
of children amongst poorer classes is naturallv protected from main infec¬ 
tious diseases and, even it they suffer, the disease is milder in form. Similar¬ 
ly, it may be explained why some men, although in poor circumstances, art- 
better able to resist main infections than gentlemen in societv. A i/enic 
(menial) in the post mortem room can icsist wound infc< lions which would 
prove certainly fatal to any one of us. 

3. By artificial process: —First classical example of inducing this 
sort of immunity was the smallpox inoculation which was first scientificallv 
introduced by Kdward Ji nner. 

Story of the evolution of smallpox inoculation: —In India and 

C hina, it was known from very ancient times that the inoculation into child¬ 
ren, of matter taken from the smallpox pustule, protected them against the 
severe disease. This knowledge graduallv spread westwards, till it reached 
Arabia and Constantinople. It was from this place that Lady Mary W orthy 
Montague learnt the method of direct inoculation of smallpox virus and 
introduced the same to Kngland on her return, in the middle of the eighteenth 
century. This, however, led to an increase in the- incidence, because, 
although the disease was very mild in the inoculated persons and although 
such men were immunised, it led to much carelessness on the part of the 
patients and hence the disease was indiscriminately scattered to those who 
came in contact with the inoculated men. Thus the method fell into disre¬ 
pute and was ultimately given up for the time being. 
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This matter was however revived by an English physician, Edward 
Jenner (Fig. 67), and it was he who first noticed that cow-pox conveyed to 
man protec ted him against smallpox. This idea, derived from the chance 
remark of a dairy maid “I cannot take smallpox for I have had cow- 
pox,” impelled him to make a direc t test of its correctness. He published 
his methods and results before the Royal Society of Condor* in the year 
17c^> and proved beyond doubt the efficacy of smallpox vaccination in the 
control of a dreadful disease which was often fatal and very disfiguring. 
Now we know that he employed a method by means of which the virus of 
smallpox, whose real nature is not yet known, was attenuated by passage 
through another species of animal, vi/., the cattle. I hus the vaccination 
con\c\ed to the inoc ulated person a modified form of smallpox, rendered mild 
and harmless by it-* passage through the cow. 

The vast development of the modern ideas about vaccine therapy and 
protectixe inoculation originated in i SSo from Louis Pasteur (Fig. 68), a 
professor of Chcmistn, in trying to find out the cause of poultry diarrhera in 
the* neighbourhood of Paris. He found out the etiological agent of this 



Fig. 67. 

l.cluarcl .letiiipr ilTta isj.n. 


Figr 68. 

Louis Pasteur (1 1 Si>r»). 


fowl diarrhera to hi' a minute bacillus and noted that wlun cult ut cs g ixu ' c ‘ r ) 
old, inoculation from such cultures did not kill the tow . ten , 

were, however. subsequently used for inoculation purposes with a pimer 1 

, . . c , ’ ,■ nmrise that thev did not succumb like the 

fresh virus, he found, to Ins suipn^, . ■ 

4 . . . . with the eliaia. ft nstic genius he possessed, he 

other unmoeulated ones "•«» ’' .., inslead of finding fault 

conceived the lull s.gn.heanci »1 - ^ ^ jng> the cultures 

with his experiments or assistants. Hi *• - 
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had become attenuated, and the inoculation with this attenuated virus had 
conferred immunity and protection to the chicken against subsequent infec¬ 
tion. Pasteur also found out a protective inoculation against anthrax and 
rabies, similarly, by the use of a living' attenuated virus. 

Methods of producing artificial immunity:- 

1. IXJECTIOX OF BACTERIA OR AXY OTHER IXFECT 1 VE 
AGEXT :— 

(a) Living but with reduced virulence (Use of attenuated organisms) :~ 
Pasteur’s methods of prophylaxis against rabies and anthrax are the examples 
of the use of living attenuated organisms in the production of active immu¬ 
nity. The various methods of attenuation are disc ussed on p. 05. 

(b) Killed organisms: —The common vaccines are the examples. This 
will be described in detail in chapter XII. Anti-typhoid inoculation is 
the best example of the use of killed cultures for active immunitv (prophylac¬ 
tic). 

2. IX]E('TIOX (>F liKXIXS: —The use of bacterial toxins in the 
method of producing active immunity is afforded by the modern methods of 
immunisation against scarlet fever and diphtheria. 

To sum up:—The most important examples of specific general active 
immunity, as applied practically , are the following: 

/. Prophylactic inoculation of sheep and cattle against anthrax. 

2. Jennerian vaccination against smallpox. 

j. Inoculation against hydrophobia . 

4. Toxin-antitoxin or anatoxin f toxoid) inoculation against diphthe¬ 

ria and scarlet fever. 

5. Prophylactic vaccination against cholera . plague and enteric fever. 

LOCAL IMMUNITY 

(SPECIFIC ACTIVE IMMUNITY, LOCAL) 

The idea of local immunity originated from Besredka of Paris (1010-24). 
Two types of local immunity are commonly known at present. 

1. For skin — Anti-virus. 

2. For intestinal mucous membrane — Bili-vaccine. 

ANTI-VIRUS T his name was given by Besredka to an inhibiting ther¬ 
mostable substance, contained in the filtrate of a broth culture of certain 
bacteria which, when applied in the form of a poultice or compress over the 
shaved skin, prevents the infection of that area by a virulent strain of the 
particular organism. According to him, an essential and cardinal feature 
of this form of immunity is the absence of antibody formation in the blood 
and therefore, the immunity developed is strictly a local one. 
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Besredka’8 experiment: —He took 1 c.r. of a 24 hours’ broth culture 
of Staphylococci and injected it into the skin of the abdomen of a guinea- 
pig. This produced a rapidly spreading oedema and gangrene, and the 
sloughing ulcer took a long time to heal. But when he applied a compress 
of heated broth culture of Staphylococcus to the shaved skin of the animal 
on the previous day and injected a virulent strain of the organism subse¬ 
quently into that area, he noticed only a small and superficial lesion, perhaps 
an abscess, and the healing was very quick. He then began working with 
older cultures anei found that by filtering an 8 to 10 days’ old broth culture 
of Staphylococci, he* was able to obtain a substance which produced similar 
effects. It was to this substance that he applied the name anti-virus. 

Mode of action of anti-virus: —In actual infection, the organisms first 
exert their action on the local reticule>-endothelial system of cells which form 
the first line of defence. When these are paralysed or their defensive capa¬ 
city is exhausted, the organisms penetrate further and cause more damage, 
either locally or generally. The anti-virus appears to immunise these recep¬ 
tive reticulo-endothelial cells against the action of the bacteria. They 
become desensitised, as it were, and the injurious element, when subsequent¬ 
ly introduced, finds it difficult to effect a foothold into the tissues which are 
thus capable of dealing fully with it. According to Besredka, the local 
immunity so developed is mainly confined to the area so treated, though the 
neighbouring portions of the cutaneous surfaces may be immunised to a 
less degree. This is not due to the formation of antibodies circulating 
through the blood, but to a superficial lymphatic spread. 

Preparation: —An eight to ten days’ bouillon culture is filtered and 
heated to reduce its toxicity. The filtrate is applied as a wet dressing. 
The anti-viruses that have been effectively used as therapeutic agents, have 
been obtained from (i) Staphylococci and (ii) Streptococci. 

Uses: —Anti-virus is chiefly used (i) in the inflammation of the skin 
caused by Streptococci and Staphylococci and (ii) in erysipelas. Besredka 
has also produced a solid immunity in guinea-pigs against anthrax infection, 
by applying Pasteur’s attenuated vaccine over the shaved abdominal skin of 
the animal. 

BILI-VACCINE: — These are substances prepared from the growth of cer¬ 
tain bacteria on solid media and are taken per os, for protection against 
infection by similar organisms through the intestinal mucous membrane. 
The underlying principle is similar to that of the use of anti-virus for skin 
immunity. In cases of typhoid, cholera and dysentery infections, the orga¬ 
nisms first attack the local defensive cells in the mucosa of the intestines, 
which form the first and the most important line of defence. It is only when 
they are overcome, that the invading bacteria or their toxin can pene¬ 
trate deeper and attack the general system. According to Besredka’s idea, 
the real protection should consist in increasing the resistance of the cells 
of the local mucous membrane, and this is possible only by the oral adminis¬ 
tration of vaccines made from these organisms. I he preliminary administra¬ 
tion of bile is supposed to facilitate the -*iion of the organisms or their 

toxins, due probably to the formation o* . . microscopic erosions in the 
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mucous membrane. Thus, a good deal of protection is said to be conferred 
on the organism as a whole, by an increase in the local resistance of the 
tissue elements which constitute their natural avenue of infection. It is for 
this reason that bili-vaccines are employed for prophylaxis against those 
infections which usually enter the body through the gastm-inlestinal tracts, 
e.g., Eberthella typhi, Vibrio comma, Ebert holla dysenterise and others. One 
of the essential features of such oral vaccination is, according to Besredka, a 
total lack of formation of the antibodies in the body of the immunised person. 

There has been a good deal of controversy as to the real nature of this 
sort of local immunity. Although Besredka is of opinion that the immunity 
obtained is strictly local and is of a specific nature, it has not been uniformly 
upheld bv other workers. The latter believe that this form of local immunity 
is in no wav specific but only a manifestation of the local mobilisation of tlit' 
defensive forces of the bod\• According to them, it is similar in action to 
the immunity conferred by the use* of non-spec ific substances. A large* num¬ 
ber of tissue histiocytes is attracted to the area in question a reaction 
which is excited by substances other than anti-virus or bili-\aceine , such as 
meat extracts, peptones and mild irritants. The large* number of histiocytes 
which wander into the irritated area constitute s a sufficient barrie r to present 
an infection. Such a protection, of necessity, should last only for a period 
during which this histiocytic response persists. It will be* seen that, it the 
reaction induced in this way is strong and repeated, it may lead to a general 
mobilisation of the defensive* force's <>t the body in addition to the local immu¬ 
nity. l/nder suc h conditions, antibodie s ha\c been demonstrated in the* blood. 

ACQUIRED IMMUNITY BY NON-SPECIFIC SUBSTANCES 

We have seen that for a partic ular miciobic infection, it is possible to 
obtain a specific vaccine whic h helps the patient to counteract the- effec ts c»f 
that particular organism whic h attacks him. All the beneficial re sults of such 
a remedy were* supposed to be* due to a spe*cific effect on the course* of infec¬ 
tion by the specific bacteria, until lately, when some* doubt lias been east on 
this specific ity . It is now maintained with vcr\ good reasons, that non-speci¬ 
fic substances may also produce an inc rease* of immunity reaction of the body 
to ward off different kinds of infec tions. That the* introdm tion ot mm-spu ifi< 
foreign substances like broth, peptone* and e\en urine, into the peritoneal 
cavity of an animal can alter the local defences of the peritoneum, so that 
the animal is subsequently able to withstand a considerable amount of infec¬ 
tion, has been known iron a long time. For instanc e-, Pfeiffer and Ksael), 
in 1894, found that a lethal dose of c holera \ ibrio injected intraperito- 
neally, is unable to kill a rabbit into whose peritoneal cavit\ some- sterile* 
nutrient broth had previously been injected. Although the* e xac t mechanism 
of this increased defence was not exactlv known at the* time*, it was sugge sted 
that such intraperitoncal inoc ulations gave rise* to a loc al leucocx tosis, as a 
result of w hich, the c holera Vibrios injected subsequentl\, were more rapidlv 
dealt with, either by direct phagocytosis or by the effect of the* bactericidal 
substances liberated by the broken down lcucoevtes. I his phenomenon ol 
Pfeiffer and Issaefi laid the* foundation of the modern idea about the produc¬ 
tion of immunity by non-specific means. 
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Mechanism of action of non-specific protein therapy: —The local 
cell elements which are concerned with the defensive mechanism, respond 
to the injection of these non-specific substances by an increased proliferation 
and consequently, bv a greater mobilisation to deal w r ith the inoculated 
foreign substance which cannot remain inside the body unattended to for 
any length of time. This acts as a sort of stimulus which in fact renders 
the local tissues more responsive and more alert. With suitable amounts 
of injection, a general stimulation of these antibody-forming elements may 
be induced, resulting in a considerable enhancement of the general defen¬ 
sive powers of the body. During such a period, when there is an exacer¬ 
bation of the normal defensive powers of the body, any infective element 
which may be present in any part of the system, is also dealt with and dis¬ 
posed of. It should however be* remembered that such a bout of increased 
defensive mechanism is only a temporary phase, lasting for about a week 
or 10 days, and that a further stimulation is necessary, either to maintain 
or prolong the period. It is for this reason that injections of non-specific 
substances are required to be repeated to obtain full therapeutic effects. 

Examples of non-specific therapy :— 

(a) Foreign proteins:—These include the following—(i) Bacterial vac¬ 
cines; usually T.A.B. (typhoid and paratyphoid group of orgnaisms) and 
Coli (Escherichia coli) are employed; (ii) nucleins; (iii) peptones and pro¬ 
teins, including serum protein (normal and specific sera) and milk proteins 
(aolan, lactolan, yatren-casein, etc.). 

(b) Heavy metals in colloidal state, e.g., silver (electrargol), copper 
(electrocuprol) and gold (sanocrysin and solganol). 

Cases where non-specific protein therapy is done :— 

1. In all cases of prolonged subacute p\ rexia of unknown etiology, 
not responding to routine treatment. 

2. Chronic infections of known or unknown causation. 

3. Chronic arthritic and other kinds of inflammations, notably pelvic 
inflammations. It is thus extensively used in gynaecological practice for 
the treatment of tubal or parametric inflammations. 

This non-specific protein therapy is particularly indicated where the foci 
of infection cannot be reached for culture and preparation of an autogenous 
vaccine or where the infection has lasted so long that the specific reaction 
is no longer sufficient for a cure and where changes in structure prevent 
sufficient circulation of antibodies. It appears that the lighting up of infec¬ 
tion during the non-specific protein reaction, reactivates the healing 
mechanism. 

Methods Of administration: —If a sharp reaction is required, it is 
preferable to choose a bacterial protein and generally vaccines of Escherichia 
coli or enteric group (T. A. B.) of organisms are employed. As a rule, 
an initial dose of about 20 millions of each onanism is given intravenously 
in 5 c.c. of sterile saline. Two to four horn.>re the injection, the patient 
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should have a liberal carbohydrate food (glucose feed) and he should be in 
bed during the reaction. He should be encouraged to drink plenty of fluids 
and a small dose of codeine or adrenalin is given to shorten the reaction 
and lessen the discomfort. The injections are repeated at short intervals 
(2 to 4 days), as too long an interval may produce anaphylactic shock. 
Subsequent doses, however, depend to some extent on the reaction obtained. 

If a more prolonged and less severe reaction is desired or if intraven¬ 
ous injection is impossible, 5 to 10 e.c. of sterile milk can be given intra¬ 
muscularly. The chief disadvantage of this method is that it causes much 
discomfort and pain at the injected area. Usually 5 or (> injections, gi\en 
every third day, will suffice for a particular case. 

Effects Of “Protein shock ” therapy (Fig. fx>):~Thr immediate 
effect of the injection is the production of a sharp rise of temperature, attend¬ 
ed with a severe chill and rigor, aches and pains in the body. The total dura¬ 
tion of this reaction is usually 24 to hours. This is followed bv a brisk 
Icucoeytosis and a general stimulation of the rcticulo-cndothclial system, 
resulting in the production of antibodies in the serum, particularly the opso- 
nins (tropins). 


DATE 

1-4-33 

2-4-33 

3-4-33 

I 4-4-33 

5-4-33 

6 - 4-33 

7- ! 

TIME 

- 

* 

_ - 

_ * 


HOI 

IH3I 

H3H 

mam 

■OH 

Hd 

I 

sss 

wow 

SjgOMi! 

a 

a 

a 

El 

□ 

E3 

a 

o 

m 

□ 

□ 

o 

a 

a 

□ 

a 

ns: 

]□ 

a 

El 

a 

a 

a 

Sara 

aa 

m 

a 

a 

atata 

a 

a 

m 

MWM 

1 

! 

1 

1 

1 

1 

1 

1 

i 







1 


II 

■ 

■ 

i 

■ 

i 

X 


t 

L 

r 



1 


i i 



□ 

mm 



1 

■ 

1 

1 

l 

1 

I 







1 


II 

i 

1 

I 

I 

I 




u 

u 

0 

•> 

1 

i 




i 

i t 

l 

l 

1 

n 



l 

1 

1 

1 

i 

1 

i 







i 


II 

i 

1 

i 

■ 

■ 




n 

i 




It 

t : 

i 

1 

l 




l 

1 

■ 

1 

1 

■ 

i 







1 


II 

■ 

1 

i 

i 





H 

■ 

p 





o' 

o 

i i 



□ 

mi 



_ 

L 


_ 










l 


I 

_ 

L 


L 





J 

i 

L 

u 




“t 

_i 

o 

t 

m 

l 


l 

101* 



l 

1 

1 

1 

i 

1 

i 

1 






R 


II 

■ 

1 

i 

1 

i 




M 

■ 

i 





Ui“ 

■! 

Ml 

■ 


1 

ioo® 

0 


f t 

i 

i 

P 

■ 

E 

a 






1 

1 

II 

■ 

1 

i 

■ 

i 




I 

i 




li 

m 

M 

l 


1 

99* 

i 

i 

i 

■ 

■ 

■ 

i 

■ 

■ 

■ 







■ 

II 

■ 

P 

9 

1 

i 




1 

N 

i 




■ 

n 

mm 

p 


l 


■ 

u 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 




■ 

■ 

■ 

m 

■ 

r M 

■ 



3 


5 

w d 

m 

■ 




mmm 


■ 



97* 








1— 

r 

— 


p— 



h- 

h- 


:: 

-1 



: 

L_ 

r 

- 


— 


- 


i 



-+ 


i 

i 

r 

- 


96® 

















i 














n 


; 


f ■ 
i 

r 




- 

— 

- 

— 

J 

u 

mm 

- 

j 

_ 


mm 



mm* 


-L 


rnmm 

L 

_ 

[J 

J 


mmmi 



□ 

— 

[1 

: 




X 



Fig. 69. 

Temperature chart showing the effect ot protein chock therapy in a ease of chronic pelvic 
inflammation. Note the febrile reactions and Iciicocytoxi* utter thr mt ranniM'iilnr 

injection of milk skimmed). 

C ontra-indications :— 


(1) All forms ol allergic and anaphylactic conditions. 

(2) A low blood pressure with decompensated heart lesions. 

(3) Arute organic disease of the kidneys. 

(4) forms of tuberculosis, as unsuspected, latent or (juiescent tuber¬ 
culous lesions may be flared up with disastrous results. 

(5) Diabetes and (6) Pregnancy. 





















PASSIVE IMMUNITY 


123 


Remarks about injection of serum: —Many cases of prolonged sub¬ 
acute pyrexia of unknown origin are sometimes cured by the empirical use of 
anti-streptococcal serum, in most cases on an erroneous and imaginary diag¬ 
nosis of the condition. The benefic ial results in such cases are due entirely 
to marked non-specific effects of the serum proteins. 

PASSIVE IMMUNITY 

This type of immunity is produced in an animal by the injection of a 
scrum from another animal which has been highly immunised by any of the 
methods of active immunisation. Such a serum supplies ready-made immune 
substances which are present in it in a preformed condition. The immunity 
is thus passively transferred from one individual to another. The recipient 
animal plays no active part in the production of these immune substances and 
for this reason, the process is spoken of as passive immunisation . 

The immunity conferred by this method lasts a comparatively short time, 
as th(‘ active constituents of the injec ted serum disappear gradually in about 
two to four weeks’ time and the body c ells art* not educated to produce more. 
Active immunity, on the other hand, takes a fairly long time to develop and 
once developed, it persists longer, even to some extent for life, as the cells 
of the body have taken an ac tive part in the manufacture of the antibodies 
and have retained their capacity to produce more, in response to fresh stimuli 
of the same kind. Owing to these reasons, active immunity is mainly used 
for prophylactic' purposes and for the treatment of subacute or chronic dis¬ 
eases, whereas passive immunity is most useful as a curative agent in the 
treatment of acute diseases. In the latter conditions, where the necessity 
of immune substances is immediate and the 1 patient is incapable of manu¬ 
facturing such substances himself, owing to the paralysing action of the 
invading organism, the employment of passive immunity produces a remark¬ 
able benefit by tiding over the crisis. 

Methods of production: —The various methods by which passive im¬ 
munity may be conveyed are summed up in the following table: — 

Passive immunity 


By inheritance 


By artificial means 


Serum therapy Bacteriophage therapy 


Use of serum of an Use of convalescent serum 

immunised animal 

By inheritance: —Immunity of the n.*m babies to diphtheria and 

scarlet fever forms one of the most import imples of passive immunity 
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acquired by inheritance. 'Phis depends on the passage of antibodies from 
the mother to the offsprings through the placental circulation and in some 
cases, through milk. 

By artificial means:— 

BACTERIOPHAGE THERAPY :—Described later. 

SERIM THERAPY :—'Phis may be t arried out in the following ways: — 

(a) BY THE USB OF SKRUM OF AX IMMUNISBD ANIMAL — 
Such antisera may be antitoxic and antibacterial. 

(i) Antitoxic sera are those which act chiefly by neutralisation of exo- 
toxins elaborated by the bacteria in the body. Some examples of antitoxic 
sera are anti-diphtheritic, anti-tetanic, anti-dysenteric, anti-gas-gangrene, 
anti-botulinus, anti-scarlatinal sera and anti-venin (for snake venoms). 

(ii) Antibacterial sera arc* those which act chiefly by destruction of bac¬ 
teria and thereby preventing the increase of endotoxins. 1 he* examples arc 
anti-pneumococcal, anti-meningococcal, anti-streptococcal, anti-plague and 
anti-anthrax (Sclavo’s) sera. 

(b) BY THE USF OF COW’ALBSUBXT SBRUM This serum is 
obtained from an individual recently recovered from the* infec tion. This has 
been tried for the following diseases, such as measles, acute anterior polio¬ 
myelitis and scarlatina. 

The difference between acti\e and passive immunity is summed up in 


the 

following table: — 




ACTIVE 1 MMVXITY 


PASSIVE 1 MMCX 1 TY 

i. 

Immune substances arc- produc ¬ 

i. 

Immune* substances are pre¬ 


ed bv the cells of the indiv idual 


formed or ready-made and are 


himself. 


passively transferred. 

2 . 

Duration of immunity is longer, 


Duration of immunity is tem¬ 


for several years. 


porary and short-lived. 

3 * 

Obtained either by an actual 

3 * 

Obtained by the injection of 


infection or by the injection of 


sera from immunised animals 


vaccines. 


or convalescent patients. 

4 - 

After injection there is a period 
of negative, followed by a posi¬ 
tive, phase. 

4 * 

No negative phase after the 

5 - 

Reactions after injection may 

5 - 

No reactions except those due 


be (a) local, (b) focal and (e) 
general. 


to foreign protein. 

6 . 

L T sed mostly as a prophylactic 

6 . 

Prophylactic use is very limited. 


measure. Also used for the 


Mostly used for curative pur- 


treatment of subacute and 


posses, particularly lor the 


chronic diseases. 


treatment of acute diseases. 

7 - 

Not transmissible to the foetus. 

/ • 

T ransmissible to the foetus and 
nursling. 
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BACTERIOPHAGE 

(THE TWORT—D’HERELLE PHENOMENON) 

Introduction: —In the* early days of Bacteriology, it was found that 
sometimes, degenerative changes occurred in bacterial cultures, as a result 
o which portions of the growth disappeared altogether. In those days, it 
was thought to be due to autolytie changes, causing disintegration of the 
bacterial bodies and considered to be a process of natural decav. For this 
reason, no scientific notice was taken of this. In 1915, Twori while working 
on the bacteriology of vaccine lymph, first described peculiar glassy trans¬ 
parent patches occurring in the white colonics of Staphylococcus on agar 
slopes. These were found to extend into the bat terial growth, increasing at 
the expense of the latter. He also found that similar effects could be pro¬ 
duced on a fresh young colony by inoculating the latter from the material 
from such a glassy area and in this way, the change could be continually 
transmitted from culture to culture for an indefinite period. He also showed 
that the lytic principle was present and was active in the bacteria-free filtrate 
obtained by passing the culture through a porcelain filter. The material was 
very powerful, being active in 1 in 1,000,000 dilution. It could not be grown 
in any artificial medium but it acted best and grew on voting cultures only. 
It had no effect, however, on dead cultures of bacteria. It was des¬ 
troyed by heating it at 6o°C\ for one hour. Its action appeared to be specific, 
exerting the lytic effect typically only on specific homologous bacterial 
growth. 

In 1917, d'Heretic recorded similar effects in the case of the dysentery 
bacillus. He took a young broth culture of dysentery bacillus, to which he 
added a few drops of a bacteria-free filtrate from a dysentery stool and to his 
surprise, found that the turbid culture became clear. When a little fluid 
from the lysed culture was transferred to another young culture of dysentery 
bacillus, the same effec t was noticed. In this way, lie carried on the transfers 
for many hundred times w ithout any loss of activity, quite unlike a bacterial 
growth which usually deteriorates on repeated subcultures. From these 
observations, d'Herelle argued that the* lytic' agent was capable of multiplying 
like a bacterium and that, as it grew only in a young living bacterial culture, 
it was a living agent, too small to be detected, a filter-passing ultra-microspic 
organism, wlich behaved as a parasite of the bacteria themselves. In fact, 
he regarded this lytic process as due to a virus of bacte ria. As the virus des¬ 
troys and digests the* bacteria, he applied the term Bacteriophage . We 
sometimes call it by its abbreviation phage . 

Properties of bacteriophage :— 

(i) Lytic effect: —It acts on bacteria in such a way as to bring about their 
lysis in some phase of their growth. Fmlrr its influence, many of the 

organisms in the culture fail to c'omplct'.division, as a result of which 

long filamentous forms develop. Latei he cells swell up and the bac¬ 
terial bodies disintegrate completely. S.mges produce the characteris¬ 
tic appearance on the colonies. This 0 demonstrated when a well 

developed young broth culture, inoculate d the lytic principle is incubated 
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for 4 to 6 hours and then spread over a plate, when a very characteristic 
appearance is obtained. Figure 70 shows the film of growth which is beset 



Fig. 70. 

A tiJin of mowth showing tlx* lytic action til bacicnophiurc; the circular 
area* represent the point- ol action of the pliaire. 


with small circular areas, representing points of action of the 1 \ tic t fleet. 
Figure 71 shows the peculiar nibbled appearance of the colonies. 

(ii) I 4 ill erabdit y: Ii js filterable through 
a porcelain filter and the bacteria-fice filtrate 
• s equally active. 

(iii) \ eh city in luyli dilutions: It is active 
* n ' et y high dilutions, even in i in 
I ,000,000. 

(iv) I'ouur of [tmpttnatinit: It can be pro¬ 
pagated indefinitely without loss of act iv ity, bv 
repeated passage through young bacterial cul- 
t urcs. 

(v) Inability to grow in artificial media: — 
It cannot be*grown in anv artificial medium 
like bacteria. 

(vi) Activity in cultures :--It is most active 
only on young actively growing cultures. 
Dead bacteria or old cultures are little 
affected. 



Fig. 71. 

The peculiar nibbled appeaian-c 
of colonies by the action ol bac- 
teriophage. Two normal colonic* 
have also been shown. 
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(vii) Specificity: —It is usually specific; but may be slightly active on 
closely related species of bacteria. As a rule, one phage is specific for one 
kind of bacteria, e.g., cholera-phage is specific for cholera, dysenterv-phage 
for dysentery and typhoid-phage for typhoid organisms, and so on. 

(viii) Adaptation: —Bacteriophage may adapt itself to a particular 
organism and vice versa. 

(ix) Antigenic property: —It is antigenic, i.e., antiserum may be produc¬ 
ed by immunisation of a rabbit. This antiserum inhibits the activitv of the 
lytic agent. e 

Sources: —Alimentary tract is the commonest source of bacteriophage. 
It is often found in the stool of healthy persons. The potent source is, how¬ 
ever, from the stool of patients sullcring from bacillary dysentery, cholera 
and typhoid fever. 

Mode of preparation :— 

1. A few drops of the stool are mixed with nutrient broth and incubated 
as usual for iS hours. 

2. Jt is then tillered through a Pasteur-Chamberland filter. 

3. The filtrate contains the lytic* principle and its presence can be 
demonstrated by inoc ulating a given culture of an organism with the filtrate. 

4. At ter the bacteriophage is obtained, its action on a given organism 
ran frequently be exalted b\ repeated passage from culture to culture till a 
certain level of activity is obtained. 

Viability: 

(i) Bacteriophage retains its power and activity for many years. 

(ii) Fieees kept in sealed tubes for over a year may still be found to con¬ 
tain the bacteriophage unchanged. 

(iii) It withstands drying for months. 

(iv) It resists the action of antiseptics. In phenol, 1 in 100, it lives for 
3 days. 

(v) It persists for a long period in strong solutions of glycerin. 

Nature of the bacteriophage: —There are two views about it 
D’tl ERELLE describes the bacteriophage as an autonomous, living, strictly 
parasitic organism, belonging to the group ol filterable viruses, which utilises 
the bacterial substances in order to reproduce and cause dissolution of bac¬ 
teria. Ac cording to him, bacteriophage is particulate in character, having an 
average dimension of 20 to 30 jjLfi (milli-micron) and is formed of a simple pro¬ 
toplasmic mic ella, a term used for an aggregate of molecules, ions, or both, 
in a colloidal solution. BORDET, on the other hand, is of opinion that it is 
of the nature of an enzyme, and therefore iu, .. living virus. He thinks that 

it is a sort of an autolvsis, due to the act*. an enzyme derived from the 

bacteria and, like an enzyme, it is transmi. 



128 


IMMUNITY 


Methods of administration of bacteriophage:— Antiseptics or adds 
should not be administered during treatment with bacteriophage. As it 
works best in an alkaline medium, alkalis should be given freely, particularly 
a few minutes before its administration. It is best administered by the oral 
method and given in doses of 2 e.e. in a little water on an empty stomach 
and repeated 4 to 6 times a day. Usually these doses are enough to check an 
acute attack, but during the intervals, it is advisable to make the patient sip 
some more bacteriophage diluted with water. After recovery, it may be 
given once or twice a week. Ampoules showing any turbidity must not be 
used and once opened an ampoule must not be kept for further use. There 
are no contraindications to the use of the bacteriophage and it can be safely 
given to children in full doses. 

Effect of bacteriophage therapy:— As it is not an antitoxin, mild 
doses of salines should be given to eliminate toxins already formed. Bacte¬ 
riophage by destroying the infecting agent prevents the further progress of 
the disease and thus brings about a cure. It cannot heal the damage already 
done to the intestinal wall. Recent work of Morison and Rice (1(^3) in 
Assam has brought forward evidences to show that during cholera epidemics, 
early administration of ‘phage,’ i.e., within 48 hours, not only reduces the 
mortality but, of more importance, it seems to reduce the infectivity. 

Bacteriophage and infection: —It has been suggested by the up¬ 
holders of bacteriophage that the latter is definitely related w ith the cure of 
certain intestinal diseases, such as cholera, and also with the decline of its 
epidemic. When a person recovers from these diseases, it is due to the 
development of bacteriophage in his intestinal ( anal which causes lysis of the 
infecting organism and prevents further production of toxin. The death from 
such diseases is explained by the fact that the bacteriophage is absent in 
those cases. Once established, it continues to pass out along with the orga¬ 
nisms in the dejecta and reaches the water supplies of the locality, 'flu* tresh 
victims ingest this water, infec ted with bacteriophage and the organism, but 
the latter fails to gain a foothold owing to the presence of the former. In * 
this way, the disease gradually declines pari passu with the establishment of 
bacteriophage in the intestinal canal of the people of that locality. For these 
reasons, it has also been suggested that it is unwise to disinfect the water 
supplies, as by this method the natural means of prevention, i.e., bacterio¬ 
phage, is lost. In this connection, it should be noted that Hankin in i8<)6 
reported that filtered water taken from the Jumna and the (langes rivers in 
India has a distinct bactericidal property. There are good reasons to 
believe that he was dealing with Bacteriophage phenomenon. At present it 
is very difficult to accept all the above statements in loto but recently it has 
been shown by many workers that bacteriophage certainly plays an important 
part in the cure and prevention of cholera. 



CHAPTER XI 


THEORIES OF IMMUNITY 

We have so far described the various methods bv which the resistance 
of an animal to infection can be increased. It now remains to explain in 
what wav such an increased resistance is brought about. Every animal 
consists essentially of two elements, cells and fluids, and the development 
of immunity must be due to the action of either of them or both. Different 
observers have, from time to time, considered this question differently, some 
upholding the view that it is the result of cellular activity, whilst others 
consider the entire process to be the effect of the body fluids. Thus two 
rival theories were brought forward by two different schools, one led by 
Metchnikoff (Fig. 72) and the other by the great chemist, Ehrlich (Fig. 73). 



Fig. 73. Fig. 72. 

Paul Khrlit'll (1851-11)15). Elio Metchnikoff (1845-1916). 


flic former considered that the entire -s of immunity was due to a 

certain group of cells which were " the phagocytes and thus 

Metchnikoff’s theory was referred to a. Ilular theory or the theory of 

phagocytosis. The greatest opponent ^ views was Ehrlich who 

believed that the cells had nothing to c the development of immunity 
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which depended entirely on the property of the plasma, and on this belief, 
he based his humoral or side-ehain theory. Although each school had its 
fervent supporters, none of them, however, could satisfactorily explain all 
4 he processes of immunity. Xow-a-days, it is known that the real explana¬ 
tion is to be obtained by the combined action of tin 1 ('ells and plasma, both 
being interdependent on each other. 

METCHNIKOFF’S THEORY OF PHAGOCYTOSIS 
(Cellular hypothesis) 

Mi'lchnikoff believed that the leucocytes constitute the chief line of 
defence of the body against infection and intoxication, the bacteria or other 
invading organisms being destroyed and their products neutralised by 
enzymes derived from the leucocytes. This destruction of bacteria is 
brought about by chemical or enzymatic substances which he tinned cytiiscs. 
two of which have been distinguished. The one, derived from the poly¬ 
morphonuclear leucocytes and mainly used lor the destruction of bacteria, 
particularly the pyogenic organisms, is known as the nn\7 mv/u.si■. T he othet, 
derived from the large hyaline and other mononuclear leucocytes ol the 
reticulo-endothelial system and used mainlv lor the digestion ol cell bodies 
and elements of animal origin, is known as the mucrtn-yttt.se. According to 
Metchnikolf, the various kinds ol ferments and enzymes are found ehictly 
inside the bodies ol these cells but are also liberated in the plasma and 
serum, either by a process ol excretion or b\ the disintegration of the cells. 
The production of various antibodies, such as antitoxins, agglutinins, 
prei'ipitins, bacteriolysins, etc., is all explained by him through this theory. 

Phagocytosis: —The word plmyncyt nsis primarily means invest ing 
solid particles and eating them {phaycin , to eat ; cv/c, cell). This pro< ess 
was oringinally and primarily nutritional in character, w hi reby the 
individual cell gained its food materials, (iradually, in the scale ol develop¬ 
ment, as the structure ol the animal body became increasingly complii ated, 
and the process of nutrition was relegated to a dillerent system, tla 
phagocytic power of the cells rami to be utilised for the purpose ol engulling 
and destroying harmlul agents, such as bacteria. In tins way, phagocytosis 
came to stand as a very important mechanism ol dclencc. 

Phagocytic cells: —T wo types of cellular elements are concerned in 
this process and they ari* named by Metehnikofl as (i) microphagc and 
(2) macrophage. 

Microphages: — These are the polymorphonuclear neutrophilic 
leucocytes of the blood. They play the most important part and lorm the 
first line of defence in most bacterial infections. They are the principal 
fighting elements in all pyogenic infections. 

Macrophages:—These are the large mononuclear leueocvtes ol the 
blood and the reticulo-cndothiTial ('ells of the liver, spleen, bone-marrow, 
lymph gland and other tissues. They act largely as scavengers, clearing 
away dead cells and other degenerated products and are thus the chief 
agents during the process of repair. In certain types of bacterial infection, 
particularly with Mycobacterium tuberculosis, they are the principal 
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cellular agvnts rom-t-rnwl in the process of phagocytosis and M. tuberculosis 
can be demonstrated inside these large mononuclear cells. (Fig. 74 ) 



Fig. 74. 

I’iiugory toMg of Mfffulmvtrt inm t uhcrcuUtsis by macrophages 
stained by Xi lil-.Wrl-rn method. Tin red colour shou.s the acid-fa>t 

Phenomenon of phagocytosis : The process of phagocytosis is, more 
or less, a prolonged fight between the cells and the bacteria, and, for con- 
\ enienee, max be divided into three stages, although sueh a distinction is only 
arbitrary. 

In the FI RST ST.KiK, the leucoextes mobilise at the site of the bacterial 
invasion and approach the bacteria to engulf them. (Fig. 75). When a 
pathogenic micro-organism is introduced into the tissues, there occurs an 
inflammatory reaction. The various phenomena that are seen during an 
inflammatory process are looked upon as nature’s mechanism of defence 
which enables the tissues to fight and to protect themselves against any form 
of injury. It is a remarkable feature to note that before the commencement 
<>f the inflammatory process, there was hardly any cell outside the vessel, 
but within a short period, the perivascular spaces become loaded with the 
leucocytes which have emigrated from the blood vessels. Leucocytes must 
transmigrate or mobilise at the site* of lesion for the proper phagocytosis to 
occur. But what causes this huge numb* . of leucocytes to transmigrate? 

1 he various factors which arc concern. 'he process are (i) hyperaemia 

of the part bringing in a large numbei . ocytcs, (ii) increased permea¬ 
bility of the vessel wall, aided by the.1 movement of the leucocytes 

(diapedesis) and (iii) chemiotactic phen 
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The term chemiotaxis is used to signify the attraction or repulsion of 
leucocytes by means of chemical substances elaborated by the bacteria, the 
nature of which is not yet definitely known. When the cells are attracted 
towards the seat of an infection, it is called a positive chemiotaxis and when 
they are repelled, a negative chcwiotaxis. These ehcmiotactic substances 
have also a profound influence on the bone-marrow, where they may excite 


Fig. 75. 

Mohili-ation <>1 leucocyte*, at an area ot infection. Tin leuco¬ 
cyte.*. are comintr out of the blood ve^eU by their aimehoul 
movements. Some of the c.rtiani*.m*. <-t reptococci i as well a* 
the cell*, are dead in the process 

an increased production of leucocytes. In cases where 
a positive ehcmiotactic phenomenon is observed, it will 
be seen that not only are the leucocytes mobilised at 
the area of infec tion, but the inc reased demand is met 
by the bone-marrow by undergoing what is known as a 
leucohlastic react uni (Figs. 76 77). 

Some* of the mobilised leucocytes die during the 
contest between the cells and the bacteria and suc h dead 
cells are called pus cells (dead polymorphonuc lear leuco¬ 
cytes). Accumulation of suc h pus cells has an import¬ 
ant bearing on the prognosis of an wound infec tion, as 
laudable pus is recognised as a sign that all is going 
on well, whereas a thin wate ry discharge is a bad omen 
or a danger signal, signifying an infection with a viru¬ 
lent bacterium which has produced a negative ehemio- 
taxis by repelling the leucocytes, and paralysing the 



Fig. 76. 

I .outfit udiiiul and trails, 
verso soot urns of the 
middle third of the* femur 
showing ieucobiustie re¬ 
act ion, in a ease* of lobar 
pm umonin with 11 high 
leucocytic 1 response. Most 
of the* normal yellow 
marrow has been trans¬ 
formed into the red 
formative marrow. TUc 
microscopic appearance of 
such a marrow is shown 
in Fiir. 77 A. 
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blood-forming elements in the bone-marrow. Thus the accumulation of the 
most active phagocytic cells, the neutrophilic polymorphonuclear leucocytes, 
tends to prevent a localised infection from developing into a generalised one! 
The phenomenon of negative chemiotaxis is particularly seen in connection 
with the organisms of gas gangrene*. 



Fig. 77. 

MicroM'opu 1 ii|»pt*aranco ot th« j hone-marrow .showing loueohlastic 
reaction iA> a?* compared with a normal yellow marrow (B). 

In It there i» a lanrc amount of fat <a> >ho\\n by clear t>jia?cto 
with very few cellular elements. In A the fat has been much 
reduced and it> place ha*. been taken up by blood-forming: 
cellular element>. specially the white Idood corpuscles. 

In the SFa'()\I) STAGE, the leucocytes, after being - aggregated at the 
site of infeet ion, begin to devour the bacteria. The ingestion of bacteria 
by the leucocytes is eft Voted by their amtrboid movements. When the 
leucocytes approach the bacteria, they throw out pseudopodia, engulf and 
ultimately incorporate them within their own bodies (Mg'. 78a, b, c). It was 
at one time thought that these phagocytes would devour only those 
bacteria which were dead and degenerating, but Metehnikoff proved beyond 
doubt, that they could also ingest living and virulent organisms. 

In the THIRD STAGE, the ingested bacteria undergo intracellular 
lysis (Fig. 78 d, e). Thcv arc destroyed by the activity of the digestive 
ferments (cytases) of the phagocytes pre^c” 4 -nside the cells. Sometimes it 
happens that the organisms may remain .. inside the cells for a long 
time without undergoing destruction, a< • seen with Mycobacterium 

tuberculosis, and even in some cases t! actively proliferate within 

the cell as in Neisseria gonorrhoea*. Th- • ertain circumstances, these 
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phagocytes, bv carrying living and virulent organisms, may be dangerous to 
the animal, as it affords a chance of wider dissemination. 



Fig. 78. 

Phrnornrnnn ol phaporytosi-. 

Influence of opsonins in phagocytosis: —As will be seen later, the 

presence of opsonins is absolutely essential tor the proper phagocytosis to 
occur. This substance is present in the normal serum and. in the process ol 
phagocytosis, the\ pi a \ a great role in making the bacteria palatable to the 
cells. This thev do by altering the bacteria in such a way as to render them 
more suitable for ingestion by tin cells. When the cells (phagocytes) are 
deprived of its assistance, they are unable to ingest the bacteria. To such a 
substance which prepares a feast, the term opsonin has been applied by 
Wright and Douglas (Hr. np.sniio, to cater for). 

EHRLICH’S SIDE-CHAIN THEORY 

This is a humoral theory yy hieh refers to the destruction of the invading 
bacteria and their toxic products by the chemical action of substances in 
the body fluids. It is an application of Ehrlich’s views regarding the 
normal nutrition of the body cells to which he attributes a hypothetical 
chemical structure. He considers that c\ory cell in the body consists of an 
aggregation of molecules, each of which again consists of a central atom- 
group and a large number of appendages or side-chains, exactly similar to 
the lateral chains of many c hemic al molec ules. To suc h imaginary side- 
chains, he gave the name receptors. All food materials which are brought 
to the cells for the purpose of nutrition are supposed to attach themselves 
by means of similar side-chains, which are called the haptophores, 
first to these receptors, before they can be utilised and incorporated into 
the essential cell substance. I he receptors serve as the contact points or 
intermediaries between the body cells and the nutrient particles and without 
them, no combination can take* place. Thus the vital ac tivities of the living 
cells are the result of chemical interaction between the side-chains and the 
food elements. 
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He also conrciwd that these* side-chains, although primarily taken up 
by I he food particles under normal physiological conditions, have also 
combining affinities tor substances of the class to which antigens belong, 
c.g., toxins, bacteria and their products, foreign cells, etc. Therefore, 
when both the* food particles and antigenic substances reach the* body cells, 
some of the receptors of the latter attach themselves to the haptophores 
ol the food elements, while the* others combine with those of the antigen. 
Those which are anchored to the- latter are diverted from their normal 
physiological functions and the body cells are thus deprived of them. Such 
a loss of side-chains at once stimulates the cell*, to throw out more similar 
side-chains to make good the loss. Rut if the supply of the antigen con¬ 
tinues, pun pusMi, the- loss of side-chains also continues and the result is 
the continuous actixity of the cells to produce receptors to meet the 
increasing demand. Nature is generous and this make-good process is 
( arried to excess, as a re sult of which a similar tvpc of receptors is thrown 
out c>I the cell body in muc h larger numbers than what is actually needed 
to compensate for the- loss. 1 hesc superfluous receptors which are thrown 
out of tile c ells and which freely c irc ulate in the blood, 
constitute, according to Ehrlich, the various kinds oi 
(mtihoiiic >. 

(antibodies) are* 
first older—These include 

2 . Receptors 
(i) agglutinins and 

Receptors of the* third ordeT—These* include 
amboceptors or immune-bodies, such as, (i) various 
lytic* bodies barteriol\sins, luemoly sins, cytolysins; 

(h) complement-fixing bodies and (iii) opsonie* immune 
bodies. 

Receptors of the first order: —To this type 
belong the* antitoxins. These possess a single tin- 
sat isfied valency or side-chain (Fig. 70 a) which com¬ 
bines with the* haptophore group ot the corresponding 
antigen. The five* ivevptors, present in the circulating blood, block the 
haptophore groups of the* toxin molecules in the blood (Tig. 79 b) and P re “ 
vent their combination with the* receptors still attached to the evils and thus 
‘he* c'i*l 1 s are protected from the poisonous action of the toxin. 

Receptors of the second order (Fig. So): — To this type belong the 
agglutinins and previpitins. They consist of one anchoring group (haptophore) 
which fixes the antigen and the other active or zymophore group, which leads 
to some physical change in the fixed antigen. In this way, phenomena of 
agglutination of bacteria and precipitation of antigens are explained. 


-haftothonM 


' ANTITOXIN I 

*(m) 


Fig. 79. 

Receptors of the first 
order (Rl) represented 
graphically. 
Showing a single com¬ 
bining arm H which 
unites with the hapto* 
phore group of the 
toxin molecule. 
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Fig. 80 . 

Receptor** of the >erond order < R~n represented graphically. 

Showing a combining arm H which unitwith the bacterial antigen 
and another side-arm Z which brings about sonic alteration m the 
bacterial antigen to produce tin clumping; a agglutinin 1 It‘J> and 
bacterium <Bi are separate ; h. union of K- and li. c. shows the action 
of zymophoric arm after the antigen ha- been fixed with it- -pcriti" 
antibody; d. shows the clumping and at this stage the presence of an 
electrolyte i> necessary. 

Receptors of the third order (Fi^. Si): To this t\pc belong the 
various lytic bodies. The\ consist of two anchoring groups (haptophorcs) 
one on each side (Fig. St a) and hence railed amboceptor (l m*i/c 
both). One group anchors the corresponding antigen and the other group 
t ombines with a ferment-like substance, railed < (implement ( 1 * ig. Si b>. 
Amboceptor is capable of assimilating the ciuresponding nr spc« die antigen 
only with the help of the complement. 



Fig. 81. 

Receptor.- of the third order H'i repi r-eni «d gr a ph u\t 1 1 \ 
a, the amboceptor with it- two haptophore group-, complement and bacterium, h. the 
complement and the bacterium haxe united with the amboceptor. «. -now- the action ot 
complement on the ant igen antihod\ complex 

Genesis of Antibodies (immune substances) on the Rasis of 
Ehrlich's Side-chain Theory . 

( i ype <>t immune substance represent cii is antitoxin.} 

Fhrlieh believes that a toxin molecule consists o! two separate atom- 
groups. One, the haptophore or the tnichonng group. which unites the 
toxin molecule with the receptor ol tfit* cell protoplasm; and the other, the 
toxophore or the poison group which exerts its deleterious action on the cell. 
1 he toxophore group, however, cannot inflict injnrv to the cell, until and 
unless the toxin molecule is anchored to the receptor of the cell protoplasm 
through its haptophore group. 
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II a dose ol toxin is introduced into tin* blood, the haptophore groups 
of the toxin molec ules combine with the corresponding receptors of the cells 
and inteilere with the normal physiological activities of the cell protoplasm 
which is thus damaged. If the number of toxin molecules united to the cell 
is very huge, most of its receptors are taken up bv the former, interfering 
seriously with the* process of nutrition and assimilation and the cell may thus 
be killed. Hut provided the* dose* of toxin is not too large, the protoplasm 
re*co\ e*rs and, according to Fhrlieh, tins recovery is due to a regeneration 
ol the side-chains or receptors in plat e- oi those which have* been put out of 
action. 1 he-se rec eptors are* not simplv repreiduced in the same quantity in 
whic h the*\ are* lost but are* reproduced in ewe ess ol the* simple physiological 
needs ol the cell. ( ontinuous and increasing doses ol toxin will lead to an 
excessive production ol these particular rece-ptors, until the eells become 
overstocked with them and east them oil to circulate* ire-elv in the blood. 
These Ireelv emulating receptors represent the* corresponding antibodies 
(antitoxins) and iorm tin* iescrve* resources ol the* immunised animal. They 
are* able* to combine with tin poison and neutralise it, before it can reat'h 
the sensitive* cell to produce* its deleterious action. 



Fig- 82 . 

(Jenesis of antitoxin. 


The excessive regeneration or over-production of side-chains (receptors 
or antibodies) under the influence of repeated stimulation can be explained 
bv a physiological law enunciated by Weigert. Regenerative process oi the 
body ceils does not stop at simple replacing the lost element but, according 
to \Veigcrt’s hypothesis, usually leads to over-compensation. I his is met 
with in various pathological conditions ol regeneration and repair. thus 
the process of antibody formation representing antitoxin may be summed up 
and represented graphically in 1* igure b2. 
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First stage —Fixation of toxin or the* poison and its union with the cell 
(Fig. 82 a). Alter the union, the toxophore is damaging the cell protoplasm 
(Fig. 82 b) as is shown by the clearing of area. 

Second stage —Formation of new receptors (Fig. 82 c). 

Third stage —Over-production ol receptors (Fig. 82 d). 

Fourth stage —Setting free of receptors produced in excess (Fig. 82 e). 

Fifth stage —Neutralisation of toxin by antitoxin (free receptors) in the 
blood (Fig. 82 f). 

RET ICULO-EN DOTH ELI AL SYSTEM AND ITS ROLE 
IN THE PROBLEMS OF IMMUNITY 

This forms a special group ol cells which abound in the liver, spleen, 
Emphatic glands and bone-marrow and are also present in varxing numbers 
in other parts of the body. Thev ha\e a common morphologx and function 
and are called by Aschoff (nj2.|) and Kixono (i<n~|) as the nticulo- 
endothelial ('ells, and by others as histioextes nr clasmalocx tes. One of the 
many filiations which is common to all of them is their power ol 
phagocytosis and of cnguHiing and storing of pigments or of anx foreign 
particulate matter introduced into the sxstem, either art ilia iallv, as b\ vital 
staining, or naturally, as in tlu process of infer tion. I hc\ are derived from 
those cells of the primitive mescnchvmc which goes to form the blood 
vascular sxstem in the embrvo and are distributed widdx throughout tin 
animal body and are not confined to anx single organ. 1 heir distribution 
may be summarised as follows:- — 

Cells of the reticuloendothelial system 
(Histiocytes) 


FIXED MACROI’HACES 

(SESSILE HISTIOCYTES) 

(i) Endothelial cells of the lieer 
capillaries (the littoral (ells of 
Kupffer) 

(ii) Cells of the splenic palp 

(Hi) Mononuclear cells of the 
sinuses of the lymphatic 
glands 

(iv) Branched reticular cells oj the 

bone-marrow 


II I \ I>EI\ I \ ( i M ICRoni ACES 
( IF \XDEIH\t; HISTIOCYTES} 

fit lissut' maertipha yes {Tissue 
histiocytes nr the Wtinilcnng 
mononm tear cells I 
fill Monoi ytes ol blood or blooil 
nan rophages ( Blood histio- 
( ytes) 
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Rh I ICrLO-EXDOTHELIAL SYSTEM 

I his system is endowed with many important functions such as 

(a) Storage and metabolism of iron. 

(b) Metabolic functions, particularly cholesterol metabolism. 

(r) Blood formation, specially in the bone-marrow. 

(d) Blood destruction, particularly in the spleen. 

(e) Formation of bile from blood pigment. 

(t) Phagocytosis of bacteria ami foreign particles in the bland. 

(g) Immunity mu turns and defensive mechanism, by (ij phagocytosis 

and (ill formation of immune bodies. 

1 he last two are the most important properties which are specially 
concerned in the problems ol immunity. 

In this connection it should be noted that bv increasing its functional 
capacity in one direction, other functions may be more or less put out of 
gear. This is according to the general principle that whenever there is 
overaetivitv ot one (unction, other activities of the organ arc* diminished or 
are in abcvancc. W hen the activities of the reticulo-endothelial system are 
diverted in this wav, the process is known as “blockading" or “ blocking-," 
a phenomenon commonly employed in experimental pathology to throw this 
svstem out ol action. The method consists in introducing into the system 
foreign insoluble materials, such as carbon particles (Indian ink), dve stuffs 
or heavv metals, wherein the cilU are forced to be actively engaged in 
dealing with them. At this stage of active phagocytosis of foreign particles 
In all the available macrophages, there is depression of other activities of 
the svstcin. l.astlv it should be remembered that the normal excitability of 
the reticulo-endothdial s\stem is very greatly reduced by defects in diet and 
particularlv bv a lack of vitamins. 

RELATION TO IMMUNITY 

The c ells of the R. E. svstem, as already mentioned, are endowed with 
the power of engulfing any foreign particulate matter introduced into the 
system bv anv means and storing and ultimately disposing them of. They 
are also attributed with responding to foreign materials, not only by phago¬ 
cytosis but also by active multiplication. W hen the stimulus is over and 
their function is no longer recpiired, they diminish in number and once more 
get back to their respective sites. But their heightened power to respond 
to any fresh stimulus of a similar nature, by immediate proliferation and 
increased phagocvtic activity, remains more or less as a permanent feature 
and it is on this that the immunity of the animal depends. 

Immunity reactions and defensive mechanism .*—The activities of 
the R. E. system in the problems of local and general defence may be 
considered under two heads:—(i) as a source of macrophages and (ii) as the 
site of antibody formation. 

(i) Source of macrophages:— rhe macrophages belonging to the 
reticulo-endothelial system, according to Metchnikoft, are the all important 
defensive elements. They are endowed *. 'he power ol engulfing and 
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ultimately destroying the invading agents by a ferment, railed marmrylasr. 
In the various infective processes, natural or induced, these ('ells are not 
only rapidly mobilised but there results an aerierated proliferation, both 
local and general, the resistance of the individual depending on the rate and 
the degree with which they ran multiply. 

(ii) Site of antibody formation: —The most important function ol 
these cell-elements appears to be the manufacture of antibodies and it has 
been definitely proved by modern scientific works, that all the antibodies 
which are detected in tin* serum of animals are pnmarilv elaborated b\ these 
cells which subsequently pass them into the plasma and Ismph. I hat anti¬ 
bodies are formed by the cells ol the rctirulo-cndothelial ssstem has been 
definitely proved by “blockading” the cells or removing the spleen 
(splenectomy), the largest depot ol these ('ells. By such means, it has been 
shown by many workers that all the various factors in immunitv, v i/., 
agglutinins, prccipitins, bactcriolvsins, cvtolvsins, htemolv sins, etc., are 
either not formed at all or formed in very much less amount than in a 
normal animal. Such a splencctomiscd or blockaded animal will ollcn 
succumb to an infection which, in a normal one, would not be lethal. <)i 
course, this state of lowered general resistance will not last Im ever, as tin 
reticulo-endothelial cells in other organs will undergo compensators 
hyperplasia and make up for the loss sustained b\ the removal of the spleen 
or blockading. 

There are some diseases which, in their course, produce v arsing degrees 
of blockading of the retieulo-cndothelial sv stems, thus lowering the resist¬ 
ance of the patients to infection. Kvcrv student and practitioner in our 
country will find an excellent example ol stub a condition in the disease 
known as Kala-a/ar. In this illness, every available rcticulo-endothelial » ell 
in the liver, spleen, bone-marrow and other parts ot the bods is found to 
engulf and hold within the cvtoplasm enormous numbers ol the parasiu s 
of the disease, viz. the Lcishmania donovani. Ibis serves as a perfect 
blockading. In their pre-occupation to deal with the parasites, the cells fail 
to discharge their other functions, specially those concerned with immunitv 
reactions and the result ol sueh a condition is the dev* lopnn nt ol pm umonia, 
gangrenous stomatitis, ulcerative colitis and a host of other serious infective 
processes to which a Kala-a/ar patient is (onstanlls liable. 
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OPSONINS 

Definition :—Wright and Douglas (1^05) demonstrated that in the 
presence of normal serum, bacteria were invested bv leucocytes, but when 
the serum was heated to 55°C'., the phagoeytic power of the leucocytes 
disappeared. ’I his showed that some substance, present in the normal 
serum, was destroyed in heating and the absence of which retarded the 
process of phagocytosis. To such a thcrmolabile substance in the normal 
serum, the\ ^a\e the name of opsonins (Ur. opsotio, to cater for). 

Distribution of opsonins: -They arc* mainly present in the blood, 
tracts nt various organs show absence ot any opsonic action. Cerebro¬ 
spinal fluid, arjucous humour, milk and seminal fluid are found to contain 
nnm >. h has also been observed that the opsonic action of the fluid of 
subcutaneous tissues is much weaker than that of the blood. I he opsonic 
activity of the Petal blood is less than that of the maternal. Immediately 
after birth, the opsonic content of the new born decreases for some months, 
then rises gradually and reaches the normal level by the end of the second 
year. 

Opsonins in immune sera :—I he phagocytosis-promoting action of 
a serum, developed during the process of immunisation, is pot due to the 
increase of the normal opsonins, but to an antibody similar to oDsonins and 
remarkable for its two characteristic properties. 

(i) It is specific towards the organism used in the process. 

(ii) It is thermo-stable i.e. like all anti-bodies, it is resistant to heating 
at 55 X . 

Tims, the increased opsonic action of an anti-bacterial strum (such as 
anti-pneu mneoecal strum) is due to a specific thermostable antibody 
(immune opsonin). Such an antibody presents two types of action. 

i. When the opsonic elVect is produced without the inter-action ot the 
complement, it is termed hacteriotropins (Xeuleld), i.t., tht attion is a tiitttl 
one on the organism and thus it may be included in lihrlieh’s receptors oi 
the second order. 

When the opsonic effect is produced by the interaction of the 
component and the antibody, it is termed the opsonic immune body or 
immune opsonin and may be included in Khrlieh’s receptors ol the third ordet. 

substances which 
non-specific type 
ne opsonins or 


Mode of action of the opsonic substances:— The 

promote phagocytosis, whether they be ol a thermo a 
(normal opsonins) or thermostable spei-*-* L 'P e ( irnmu 



142 


OPSONINS 


bacteriotropins), have a direct action on the bacteria. The opsonic agent 
produces some physical change in the bacterial envelope and such alteration 
appears to be accompanied by an increased adhesiveness. Another peculiar¬ 
ity of this change is that alter the organism has been opsonised, the effect 
of the opsonin cannot be abolished by heating. 

Opsonic immune body and its antigen: The antigen whic h inc rease s 
opsonic' action is the nucleoprotein content in the bodies of the bacteria. In 
case of the flagellated organisms, it is the* somatic* antigen (() antigen) or 
endoplasm that gives rise to the opsonic* antibody. 

OPSONIC INDEX 

This term was introduced In W right to indicate the' relation between 
the phagocytic action of a given number of leucocytes in a particular serum 
and that of a similar number of leucocytes in a normal serum. It is a measure 
of the opsonic* power of a serum and ma\ be* expressed as follows: 

Averairc number of I actcnu. iimeMed |»<*r leucocyte 1 n the presence of 
the patient's mtuiii. 

Opsonic, index.. 

Average number of bacteria imu*-t«<l per feuc-icyte in the pie.-eiice of 
a normal >enim. 

The normal index for a healths person is usiialls 1, but it mas sats from 
0 8 to 12. 

Technique for the determination of the opsonic index :— 

MATERIALS RFAJl APED: 

1. A suspension of organisms. 

2. Patient’s serum. 

3. Control serum (normal serum). 

4. Blood cells (leueoes tes). 

5. A teated capillars pipette*. 

6. Staining reagents, either Irishman's or Xiehl Ncelsen’s stain; the' 
latter is useful particularly in the- case* of M. tuberculosis. 

Preparation of a suspension 0/ organisms :—The bac terial emulsion is 
prepared in such a way as to obtain a suspension which is just opalescent to 
the naked eye; this requ res a little prac tice. Any c lumps that might be 
present in the mixture should be removed, as it is essential that the* bac teria 
should remain isolated from one another. A few loopfuls of a twcut\-four 
hours’ agar culture arc* taken and rubbed up thoroughly in a few- 
cubic centimetres of normal saline in a watc h glass. A homogeneous suspen¬ 
sion is prepared and any clumps present may be removed by c entrifugalisa- 
tion. With highly pathogenic* organisms, it is desirable to use* a culture 
which has been killed either by heat or by the addition of formalin. 'The 
latter is then eliminated by centrifuging and washing in saline. It is very 
difficult to prepare an emulsion of tubercle bacilli for which a special technique 
is required. 
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Preparation <,( leucocytes:— Five* to six cubic centimetres of a 1-5 per 
cent, sodium citrate solution in normal saline are taken in a centrifuge tube 
and about 10 to 15 drops of blood are allowed to flow from the observer’s 
own linger into the solution. 1 he mixture is then centrifuged at a low 
speed and when the corpuscles arc separated, the supernatant fluid is re¬ 
moved. h M sh saline is added to the deposit which is again centrifuged. 
I In* deposit consists ot a thin greyish pellicle, which contains chiefly the 
lciico«\tcs and is 1 emo\ ed b\ a fine pipette. It is then thoroughly mixed 
with normal saline. Such a preparation will suffice for about a dozen tests. 
It is of course not possible to obtain leucocvtes without the admixture of red 
cells. 

Preparation nj the sera: — I licsc are obtained in the usual wav, by 
receiving the blond in a test tube or a glass capsule or a Behring’s venule 
(see under agglutination reaction). After clotting has occurred, the serum 
is pipetted oit. I licsc sera should alwavs be freshly prepared. 

Mb.lllOl): - Equal quantities of a preparation of leucocytes, patient’s 
serum and a suspension of the organisms in question, are measured off with 
the capillars pipette, as shown in Figure They are then thoroughly 


Fig. 83. 

Method *«t u-mir ;■ capillary pipette for mraoirirpr equal volumes of 
b.n term, -serum, arid leucocyte* a.* in the determination of the opsonic 
index. The clear area* represent the air-space.^ ;n between the materials. 

mixed in a small tube and incubated for 20 minutes at body temperature 
After incubation, film preparations are made from the mixture 
and suitabh stained according to the particular organism to be tested. 
I hex are then examined microscopically and the average number of bacteria 
phagoex tosed f) v one leucocxte is estimated. Ibis indicates the phagocytic 
index «>t the patient \s serum. A similar experiment is performed with 
normal scrum and its phagocytic index is again estimated. I lie opsonic 
index is calculated bv dividing the phagocytic index of the patient’s scrum 
by that of the normal serum. 

Uses of opsonic index :— 

(1) For diagnosis, e.g., in tuberculosis. 

(2) As a measure of immunity. 

Effect of an injection of a vaccine on the opsonin content of the 
patient's serum :— 

The immediate result of such an injection is the lowering of the opsonin 
content of the serum and this is due to the linking-up of the available 
opsonins with the bacteria. I his concki 1 Spoken of as the negative 

phase. During this period, the patient ..*t feel well and there occurs 

an aggravation of the local lesion that present, such as the appear¬ 
ance of fresh crops of boils in furuncu. 1 his negative phase usually 
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lasts tor 2 to 3 days, but may vary (tom a Irw hours to a week or 10 (lavs, 
depending on tlu* dose. Thus, its duration may hr inrrcascd hv a larger 
dose or reduced and completely eliminated by using a smaller dose. Alter 
this negative phase, there is a Ircsli supply ol opsonin, owing to the stimulus 
provided by the injection and hence the opsonin content of the serum rises, 
producing* a condition known as tin* positive phase. Alter reaching - the 
maximum, tin* opsonic index oscillates, then comes to a stage of equilibrium, 
alter which it declines gradually to or below the original normal le\el. 
1 hus the ellect ol a vaccine injection on the* opsonic index max be divided 
into 2 phases: — 

(1) A coatin' phase— Average duration is about 2 to } days, which 
however varies with the si/e ol the (lose. Injection should not be repeated 
during this period. 

(2) I’ositree phase which max be divided into ; periods 
(a) Stage of fastigium. 

(I)) Stage of equilibrium. 

(e) Stage of decline. 

All these taken together form what is known as tin opsonic ivele and mav 
be represented graphically , as in Idg. S.\ \. 



1 2 3 * 5 6 7 8 9 tO 12 13 14 

TIME IN DAYS 
Fig. 84. 

hflect ot \ <1 c‘c a 1 tic* 1 n.tcct ion- on op*ntiic 111< 1 c*\ 

A Normal opsonic cycle 1 . 

B—Gradual rise of opsonic index, produced a-a rc-ult n| repeated injection*, of vaccines 
during the* positive plta.se. 

C decline of the opsonic index, a.- a result of repeating the injection at .short intervals 
i.e., during the negative phase. 

Consequently, to obtain the best results with vac c ine therapy, it is 
advisable to repeat the second injec tion towards the e nd ol the fastigium. The 
doses should be so adjusted as to avoid the negative phase* altogether ot to 
have it as shoit as possible. 1 he injections should be repeated during the 
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positive phase w Iiirh lasts for 4 to 7 clays and in this wav, active immunity 
is built up. In this connection, it should be noted that by successive injec¬ 
tions during the positive phase, th<* immunity reaches to a stage beyond 
which it cannot be further increased. The effects, on the opsonic index, of 
giving injections in the negative and positive phases are shown in Figure 
*4 H cV C. 

COMMON BACTERIAL VACCINES 

\ vaccine consists ot a suspension • >1 killed or living bacteria in normal 
saline, and is used as an injection into the tissues of an animal or patient, 
to create a high degree ot immunity against infection bv the same 
organisms. I his is one ot the methods of inducing artificially active general 
immunity In stimulating the production of bactericidal substances in the 
b< >dv. 

PREPARATION OF AUTOGENOUS VACCINES 

STACKS: 

I- ! ultivation of the mtcct:\e material on appropriate culture media. 

2. Isolation ot the organism in pure culture on suitable solid media. 

Emulsification in normal saline. This must be uniform and 

homogeneous. 

q. Sterilisation in water-bath at 55 1 to f>o°C\ for A to 1 hour. 

5. Standardisation, i.c. determination ot the approximate number of the 
organisms m a gnen quantity. 

<). Controlling, i.c. testing tor sterility. 

Before cult bating, it is advisable to examine a stained smear prepara¬ 
tion o! the intccti \ e material m order to get an idea of the probable 
organisms present in it and also to determine the predominance of any 
paii iculai t \ pc. Frimar) cultures are then made on the surface ot suitable 
solid media under appropriate conditions; usually agar or blood agar is most 
lommonW cmploxed. Alter incubation, the selected colonies of the required 
organisms are fished out and subcultured on slopes or plates. In the case of 
a mixture ot organisms, each individual bacterium should be subcultured 
sepai atel \ . \bout 1 to 2 c.c. of earliol-saline (0*25 to 0*5 per cent, phenol 
in sterile normal saline) are poured into the* culture tubes which are then 
gent 1\ shaken, until the growth become* detached from the medium. Ibis 
process ma\ be facilitated by scraping the colonies from the surface of the 
medium with a sterilised platinum loop. Emulsion of each organism 
is collected into a sterile test-tube, and examined to see whether it is 
homogeneous and uniform. II clumps an- present, these must be dis¬ 
integrated b\ Iurther shaking, preferably in the presenee of sterile glass 
heads. Thee nun also he deposited, either by centrifuging at a low speed 
or keeping ,i,e emulsion at rest for an hour, to allow large masses to tall at 
the bottom. The supernatant fluid may be deeanted or pipetted ofl into a 
fresh tube. This is then sterilised in a water-bath (vaccine bath) at 55 to 
6o°C. for half to one hour. This low tempera:..; c lulls the bacteria, but does 
not affect the antigenic property which is .. at 11 ff er tem P era ures * 
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After heating, the sterility is tested by transferring five or six loopfuls of 
the emulsion into a tube of broth or other suitable fluid media. 'This is an 
important teehniral point which should be observed, sinre, owing to the 
presence of phenol, it is useless to attempt a culture on a solid medium. 
Counting of bacteria may be performed preferably after the sterilisation o| 
the emulsion. During the various stages of the preparation ol a vaccine, 
it is necessary to employ utmost precautions to guard against accidental 
contaminations. To ensure 1 this, the various operations should be performed 
hi the vicinity of the 1 flame. A sterilised towel soaked in 1 in 20 embolic 
lotion may be placed on the 1 working table over which materials are kept 
and handled. 

Enumeration of the organisms in the emulsion: In making 

vaevines, it is advisable* to know roughb the* total numbe r of bacterial < e*lls 
present in the emulsion. Counting of bacteria in a \aevine emulsion may be 1 
done in a variety of ways, such as: 

(1) //icnuicyl omet cr met hod - The* organisms are counted like 1 led 
blood corpuscles. 

(2) 11 ’rig///’.s' method —Cejual volumes of whole- blood (whose- K.B.(\ 
count is known) and the- bacterial emulsion are mixed and a film prepared 
and stained with l-cishman’s stain. The total numbers of red cells and 
bae'teria in a definite* number of fields are- counted separately. 1 be number 
of organisms per c.c. is obtained b\ comparing the numbe r of baeteiia with 
the* number of corpuscles. T ile* method is se ts laborious and the- icMilts an 
somewhat unsatisf actors. 

(b ('timptirisnit with s tiindtird upiu itv tubes Ibis method is now 
usuallv emplosed bv comparing the- opacity of a sample of \ a< cine with that 
of a series of opacity tubes (Hrown'si, whi« h may be pine based Ireun Messrs. 
Burroughs Welcome- and Company. I he- apparatus consists 0! a set of ten 
standard tubes, containing \arious dilutions of baiium sulphate- suspended 
in 1 per e*e-nt. sodium citrate- solution. I he-se should be thoiougbly shake n 
before use-. I)iffere*nt organisms in suspe nsions ot the same mm entiatnm 
have different degrees of opacity and it is ne-ee-ssary to ha\e at hand 
standards e>f different en'ganisins. A leaflet (see- table- on p. 1 |-j iv supplied 
with the* apparatus whie h shows the- iclalion of opaeitx 1 *> the mime lie al 
equivalents of various bacteria in millions per cubie < e-nt ime-t re-, estimated by 
means of the* ha-mae y te»me*ter method. 1 ubes of the- same diame te r and 
thickness are- supplied, in which a sample of \acein<- ma\ be- phu ed and 
compared with the- opacity tubes. The matching is done- b\ reading printed 
matters through suspensions, and the* numbe r of euganisnis po e .< . < an be 
obtained from the- attached table . Cor e xample-, in finding e mi 1 the- stiength 
of an emulsion of 1C ty phi, if it is found to mate h w ith e»pae-it\ tube- \o. 5, 
then the number of euganisms in that particular emulsion is 22.Sc) millions 
per c.c. 

Cunningham and limothy s nmdification of Brown s opaeitv tubes 
gives better results, because* the- suspension is made- in a jellv which does ne>t 
require any shaking. It also does ne>t alter its colour in the tropical climate. 
But it should always be kept in n refrigerator. 



Table showing the relation of opacity to the numeiicat eifinralent <>f -carious bacteria, estimated by means of the 
hemacytometer method, in millions per c. c. 
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Distribution of vaccines: — v arrim-s may Ik* pul asepticallx in 1 c.c. 
glass ampoules or rubber-capped bottles. 

(a) Appropriate closes are measured and the eontenls put into the 
ampoules by means ol a sterilised glass syringe. 1 hese max then be mixed 
with earbol-saline to make them up to 1 r.r. each, or any other cjiiantity 
as desired. W hen (harmed, tin* ampoules arc* sealed. 1 hese are mainly 
used for supplying a series ol graduated doses and usually f> to 10 amj)oules 
are supplied. Karh ampoule is intended lor a single dose. Melon- use, it 
should be vigorously shaken. 

( 1 )) Rubber-rapped varrine bottles ol 10 to Jo e.r. rapacity are also 
used. I he bottle is sterilised in an autoclave and the rubber-cap, b\ boiling 
in 5 per rent. carbolic arid for jo minutes 1o half an hour. Alter (barging 
the bottle with the* varrine, the rubber-rap is fitted on to it and sealed with 
paratlin wax. 'flu* bottle is then properly labelled and is read\ lor use. 

After preparation, the* vaccines, it not used immediateh , should be kej)t 
in a rold chamber, as tlu* antigenic potency ol sueh a prepared vaccine ran- 
not be maintained for more than h months, and even very mm h less in the 
tropirs. 

Dosage of vaccines: \o definite rules can be laid down lor tlu 
dosage ol varrines. It depends on main lartois, such as; 

(i) Tile purpose for which they are used. 

(ii) file type ol the rase. 

(iii) flu* general condition ol the patient. 

(iv) Age ol the patient. 

(v) The clinical judgment ol the medical attendant. 

In general, it max be said that it is better to begin with a small (I>>m 
and tlu* successive doses are regulated bx watching the o action piochnid. 
It is desirable to avoid big reactions and to aim at slight local and ^nnai 
reactions. Administration ol huge doses will pn>du< e definite haim to tlu 
patient, as it tends to depress rather than exalt, the patient's resistaiu e. 

hor treatment, the following table will give smile mdi<ation as t«> tlu 
initial dosage:-— 


Staphylococcus 

-’5 

millii ms 

Streptororeus ha-molyti<us 

j 


Streptococcus non-ha*mol\ticus 

5 

x t 

Diplococcus pneumonia* 

5 

t » 

Klebsiella pneumonia- (Friedlander’s pneumobaeilhis) 

i< * 

» y 

Ha*mophilus influenza* 

to 

1 1 

Neisseria calarrhalis 

J 5 

} y 

Neisseria gonorrhn-a- 

a 

X \ 

Diphtheroid bacilli 

ji» 

y y 

Kberthella typhi (IT typhosus) 

5 

y y 

Kberthella para-dysenteria- (B. dysenteria-, Kle\ncr) 


y y 

Kberthella dysenteria- (B. dxsenteria*, Silica) 

1 

y y 

hscherichia roli (B. eoli communis) 

j to 5 

t y 

Proteus vulgaris 

10 


B. faecalis alkaligenes 

10 

1 f 
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\Ylirn stork van-im-s an- us«l, tin- close may be two or three times as 
lar K e as show n above-. U itl, a. ute and generalised infections the initial dose 

"I a 1,11 ■ '*<• very small indeed, perhaps not more 

than one million bacteria, but in cases of prophylaxis it mar be R iven a 
luindrrd times as large nr more. 

With regard to the mi rement ol the dose, some definite svstem should 
I,.- follouc-d. The follow ii,f4 are the ways by whic h the dosage ma\ be 
.paced out : either by the doubling system, «-. R ., s , lo , _>o, 40, Ho, if,o, etc., 
mi”' ns; or in pairs ol the same si/e, e.y., 5, 5, 10, ,0, 20, jo, 40, 40, etc., 
millions. ()l the two, the doubling system is ihe better, but even then, 
siieecssi\e injections should always hi- guided by tile nature of the reaction 
provoked by the previous injection. 

Methods of administration: —The common method of administration 
i^ by hypodermic injntion. Ihe close i> repeated usually after ^ to 4 
da\s or a week. In a< ute cases when the smallest dose is used, it may be 
lepeated alter i j to hours, as the positive phase lasts lor a very short 


Indications for omitting or postponing the inoculation:— 

i . I nl< n urrent Hint ss, 

j. A long journev or any other exhausting influene'e. 

4. A menstrual period. 

Effects of vaccine injection:— 

1 luee kinds ol reaction^ are possible alter a vaccine injection: — 

(i) —At the site ol injection, an inflammatory reaction occurs. 

(ii) (icucitil: (‘onsjitutional disturbances, such as pyrexia, headache 
and a general malaise often result. 

(iii) h'tn'til: At the site of the Ksion, an exacerbation of the intlamma- 
tor\ reaction takes place. Such a reaction is probably specific. 

Phases of vaccine treatment 


(a) XE (iA I 1 IE 1 * 11 . 1 SE This follows immediately after the injection 
and lasts for a lew hours to a week or 10 days. At this period the person 
heroines more susceptible to the disease* owing to the lowering of immunity, 
as judged b\ Wright's opsonic index which is found to be distinctly lowered, 
the bacterial antigen having used up some of the pre-existing immune 
bodies, lienee, the* second injection should not be given during’ this period. 

(!>) POSITIVE PHI SE: —This follows after the negative phase is 
over and results in the- production ol immunity and the consequent incieasc 
in the opsonic index. 

Another point to be noted is that in addition to the specific response,^ 
there appears also to be a non-specific response to the injection of almost 
any kind ol vaccine. In some cases, the good results that aie obtained by 
the use of a vaccine mav be attributed to this non-specific response. I he 
best example is the use of non-specific vaccines in the treatment oi chronic 
joint troubles of gonococcal origin. To obi a ” ’‘-c best specific response, it is 
always advisable to select the smooth coloi.lie preparation ol vaccines. 
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Purposes for which vaccines are used :— 

1. Prophylactic. 

2. Curative. 

3. Provocative. 

Prophylactic: — Vaccines are most commonly employed for the preven¬ 
tion of certain infective diseases in order to inc rease the resistance of the 
body against infection. Prophylactic inoculation is a very useful method 
in controlling the spread of epidemic infectious diseases. The diseases in 
which prophylactic vaccination has produced marked success are tvphoid 
and paratyphoid fevers, cholera, plague, whooping cou^h (pertussis), etc. 
The dosage and the methods of administration are desc ribed under respec¬ 
tive bacteria. 

Curative: —Vaccine’s, as a method of treatment, are* used in certain 
diseases, particularly in subacute* and chronic* eases. In ac ute* c ases, it 
is doubtful \vhellu*r vaccine* administration, as a method of treatment, is at 
all justifiable. In fact, it max be harmful, because- the* patient's s\ stein b 
highly sensitised to the invading organisms and it would be* unwise* to ta\ 
the- system w hioh is already o\er-stimulatc-d. If \accincs arc* to be* used in 
acute* cases, thev should be* t^ive-n in the* smalle st doses possible, so as to a\oid 
the- negative phase altogether and to repeat the* injection within a short 
interval. 

Provocative: —Bv this method, a response- (foc al reaction) is proxoked 
at the site of the- lesion and in this wax, anx latent locus that mi^ht liaxe* 
been present is stirred up. I he- discharge- resulting Irom such a local 
reaction often reveals the* prc*se*noe* of tlu organism which is not detected 
otherxvi.se and lienee-, such provocati\e* injections can be* utilised as a method 
of diagnosis. It is particularly employed lor the* diagnosis ot late nt ipuiococ- 
e'al infection. 

Guide to vaccine therapy:— 

1. Alxxavs make- an accurate diagnosis ol the* disease* and the* injecting 
organism. 

2. Isolation of the* organism in pure c ultures is an e sse ntial step in the* 
preparations of vaccines 

3. Always ^ixc* preference* to anttt£cunns vacc ines, it they are* axailable. 

4. Avoid vaccines which are- more* than h months old or liaxe* been 
subjected to a hi^h temperature- or e xposed to a strong li^ht. 

5. Alxxavs be^in with small doses. Overdose and much reaction are 
alxvays bad. 

6. Avoid too rapid repetition of injections, as it only exhausts the* 
patient’s immunity mechanism. 

7. Do not be* in an undue* hurry when you xvant to use* vaccine* therapy, 
as mistakes are liable to creep in. 



VARIETIES OF VACCINES 


IS* 


8 . Do not stop the usual routine treatment, because vaccines cannot 
replace it. (ieneral treatment always improves the patient’s system, on 
which the development of immunity depends to a great extent. 

<j. If in doubt, whether vaccine therapy is to be done or not, always 
postpone it. 


10. Always control your vaccine therapy; do not let it control you. 

Varieties of vaccines: —Vaccines may be Specific or non-specific. 

| hc\ arc called specific when the* organisms used are identical with those 
causing tlie disease, as opposed to non-specific vaccines which art* employed 
m produce a protein shock and are not list'd against any particular infection. 
The specific vaccines mav attain be either autogenous or stock, and both 
mav be either simple, w lien they consist of a single strain, or mixed, when 
tluv consist of mans strains. Non-specific vaccines are always stock 
\ act ines. 

Autogenous vaccines! — I hesc are prepared from the bacterial strain 
isolated Imm the lesion in the patient. In order It) produce a specific res- 
,„„,se b\ vat cine injection, it is always advisable to use an autogenous vac- 

< me. 

Stock vaccines: These are prepared from a cultivation of the same 
spetics of back r ium isolated and stored in the laboratory, he., the vaccine 
i. prepared Imm the same organism but obtained from a different patient. 
Stock vai «ines are used under the following circumstances: — 


(i) F l>r propliv lactic inoculation. 

,ii, In ra-.- ol failure to isolate tin- organism, e.g., gonorrlneal 

art ht it is. 

(iiil IVnding tin- preparation of an autogenous vaccine. 

(ix , l-ur .he production of “ protein shock " (\on-spccilic therapy). 
Mixed vaccines: —Thev consist of more than one variety of organisms 

I.. ,,;.. ... c. B .. in ... vaiarrl, nnd in romm »ppn.a.,v, 

ci unlit it ms. 


Special kinds of vaccines 
Sensitised vaccines fS- 

.sel'fe .inir^ 

Alter this time, thcbaitma al l 1 111 , . in a iniected In this 

^ ; • 11.. u.. .-..Mi. . . i i. 


generalised infections, especially by strept. 

(h) Detoxicated vaccines: -Ihes. 
They contain the nitrogenous substain ■ 
endotoxin. Tlie endotoxins are liberal• 


'S„ called ‘residual vaccines.' 
■die bacteria freed from the 
• '-.integration of the bacterial 
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bodies by chemicals, such as alkalis, and the bacterial protein obtained by 
their subsequent precipitation by acids. Enormous doses may be given 
without any toxic effects. 

(c) Phylacogens: —These are preparations of vaccines in which the 
bacterial bodies are made up in such a way that they are easily assimilated 
bv the tissues. When an ordinary bacterial vaccine is injected, it always 
takes some time before the bacteria are broken up into products suitable for 
assimilation. By using phylacogens, we save this time and therein expedite 
the action of vaccines. The solution ol bacteria is brought about by \arioits 
agents, physical and chemical. Csually these are made up ol \arious orga¬ 
nisms mixed together. Hence they an* examples of mixed saecines. 

(d) Immunogens: —These are bacterial antigens prepared In extract¬ 
ing the bacteria in normal saline and represent the washings of the outer 
surface of the bacterial bodies. Immunogens are tree I mm bacteria and 
their endotoxins, and on this account, do not produce an\ severe reaction. 
Hence*, they may be administered with greater I requeues than is possible 
with ordinary vaccines for similar purposes. Commonly used immunogens 
are for Neisseria gonorrlueie, Diplococeus pneumonia*, Streplocoi < us and 
Ihemophilus pertussis. 



CHAPTER XIII 


TOXINS AND ANTITOXINS 

Historical: — I tint some bacteria produce an extracellular filterable 
frxin (exotoxin), whs first observed by Roux and Yersin (1888) in the case 
oi (oryncbaetcrium diphtheria- and by Briefer and Kitasato (1891) in the 
< ase ol ('lostridimn tetani. In the year 1SS6, Salmon and Theobald Smith in 
Washington, working with hog cholera, demonstrated that such diffusible 
toxins, when inoculated into animals, would produce immunity. A notable 
advance, however, was made in 1K90 by von Behring with his colleagues, 
Kitasato and Wernicke, who recognised that when diffusible toxins 
|c\oto\ins) ot ( . diphtheria- and Cl. tetani were injected into animals, in 
Mihlcthal doses, certain protec tive substances were developed in the bodies of 
the inoculated animals which survived the effects of the injections of lethal 
doses ol the toxins. The blood serum of such immunised animals had the 
power to neutralist the specific toxins and could confer passive immunity to 
animals sullering from clinical diptheria and tetanus. This was due to the 
development of certain protective substances in the serum and to the latter 
the name anhto\in was given. In 1S91, Pfeiffer first demonstrated with 
Vibrio comma (V. choleric) that the toxins did not diffuse out into the 
c ulture medium, but remained confined inside the bacterial bodies and were 
I'bcrated onlv when the bacteria had undergone disintegration. To such a 
toxin the name cmioto.\in was applied. 


EXOTOXINS AND ENDOTOXINS 

Exotoxins (E.\o means outside):—These are supposed to be secreted 
or excreted bv the* bac teria and thrown out into tin 1 surrounding* medium, the 
vitality of the bacteria not being injured in the process. Hence, the produc¬ 
tion of this t vpc of toxin is compatible with the normal life of the bacteria 
and it is more or less a physiological process, ('orynebacterium diphtheria*, 
( lostnditnn group of < ogamsms, Ebcrthcllu dysentence Shiga and 
Streptococcus scarlatina* are commonly known to produce exotoxins. 

Endotoxins (Endo means within):—These signify internal toxins of the 
bacteria and are onlv liberated when the organisms undergo disintegiation. 
formation of endotoxin has thus been very aptly described by Besredka as a 
post mortem phenomenon. I ihrio comma ( I . cholera), EhertheUa typhi , 
Ibisteurella pestis, Mycobacterium tuberculosis, Pfeifferella mallei and a host 
of other pathogenic organisms are known to produce endotoxins. 


EXOTOXINS 

Stages in the Preparation (0 ( 

suitable fluid medium under appropriate a 


...on of the bacteria in a 
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(ii) Filtration through a Bcrkcfdd or Pastcur-Chambcrland filter. 

(iii) Standardisation (Vide infra). 

Properties: —(i) These toxins arc probably nitrogenous substances. 

(ii) They are soluble and cannot be crystallised. 

(iii) They are dialysablc, i.e., can pass through a semi-permeable 
membrane. 

(iv) They are very unstable bodies, and lose their toxicity very rapidly 
when heated to 7o°C. and their potency destroyed on keeping and also when 
exposed to sunlight and air. 

(v) They are precipitated out by many salts, particularly ammonium 
sulphate. Such precipitated toxins, when dried (as in the cases of IT welchii 
and Cl. tetani), are much more stable than when they are in the liquid state. 

(vi) Exotoxins, when exposed to the ac tion of formaldehyde (o‘} per 
cent.), are modified into a form, designated as tn.xuiJ by Ehrlich and anatoxin 
bv Ramon. 

Ehrlich's view on the nature of exotoxins: —As mentioned before 
in his side-chain theory, Ehrlich considers that a toxin molecule consists of 
two parts, a haptophore and a toxophore, group. 1 he former combines 
with the receptor of the cell and is thus anchored to the cell protoplasm, so 
that the latter can now exert its poisonous action on tiny cell (Tig. N51. 
'Toxophore group is thermolabile whereas haptophore group is thermostable. 
It is the haptophore group which is responsible for the elaboration of the 
specific antitoxin. 



r 


Fig. 85. 

Ehrlich's conception about the nature of toxin molecule ami itt. mode 
of action. 

a, a cell with it* receptor and a free toxin molecule; h toxin molecule 
has united with the cell receptor; c. toxophore croup i* injuring the cell 
as shown by clearing of the area. 

Modified, toxin (toxoid or anatoxin): —Winn a toxin molecule is 
heated to 65° to 7o°C., or exposed to the action of o ^ per rent, formaldehyde, 
or preserved for a considerable period, its toxophore group, being unstable, 
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,s destroyed leavmg the haptophore group intact. The toxin molecule is 
thus modified into a lorm which no longer produces symptoms when injected 
into an animal. Si, cl, an altered toxin, however', having retained its 
haptophore group, is thus still able to act as an antigen and capable of 
neutralising antitoxin. I his modified toxin is called the toxoid (Ehrlich) or 
omitoxm (Ramon’s lormolised toxin). The properties of a toxoid may be 
summed up .'is follows: 


(1) It contains only tlu* haptophore group; hence it is stable, has the 
power to combine with its corresponding antitoxin and to be neutralised. 

(2) It is antigenii*, i.e., when injected into an animal, it can give rise to 
the formation of its specific antitoxin. 

(.*) I* docs not contain any toxophorc ;<roup and is therefore non-toxic 
when injected into animals. 

Uses of exotoxins : —(i) For the production of antitoxic sera. 

(ii| As a method of active immunisation against scarlet fever and 
diphtheria (Vide under the respective organisms). 

(iii) For diagnostic purposes, c.g., Schick test in diphtheria and Dick 
test in scarlet lever fVide under C . diphtheria* and streptococcus). 


ENDOTOXINS 

Properties: Vide page 

Uses: —(i). For the production of antibacterial sera. (Such sera do not 
contain anv antitoxin). 

(iii For therapeutic purposes, c.g., tuberculin treatment in cases of 
glandular, bonv and cutaneous tuberculosis (\idc under M. tuberculosis). 

(iii) I*‘or diagnostic purposes, c.g.. tuberculin tests in .tuberculosis (von 
Finpiet’s test and others) and mallein test in glanders (Vide under M. tuber¬ 
culosis and 1M. mallei). 

ANTITOXINS 


These are specific antibodies and belong to Ehrlich s receptors of the 
In >t order. I he\ are closelv related to the globulin fiaction of the scrum. 

I In* antitoxin max be precipitated out of the serum by partial saturation with 
ammonium sulphate. Thus, by “salting out" globulin constituents of the 
serum, the antitoxin can he precipitated and recovered in a concentrated 
lorm. The potency of the antitoxin is diminished to some extent with ageing 
"I tin- scrum. When saturated with comm-'- '-It, the serum remains suffi¬ 
ciently stable. I lie addition of 50 per ce:. crol helps to stabilise anti- 

‘oxin. Phenol has a much more destru,. ion on the antitoxin than 
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on toxin and it should not be used as a preservative for antitoxic* serum. 
Antitoxins have a molecule of greater size than the toxins, and lienee, the 
former are much more slowly absorbed when injected subcutaneously than is 
the case with toxins. 

Fate of the antitoxin introduced into the body artificially: —The 

time required for attaining the maximum concentration in the blood depends 
upon the route by which the antitoxin is administered. Thus, when 
introduced by the subcutaneous route, it takes about 4 to 4 days, by the 
intramuscular route, 1 2 to 2 4 hours and by tin* intravenous route, immediately. 



so and fall of the antitoxin contrnt of tlx* blood after it.' mt ianni»cul<ir in.j< <M ion 


As soon as the maximum concentration o! the antitoxin is reached in the 
circulating blood and tissue fluids, and the amount ncces^arv lor neutralisa¬ 
tion of toxin is utilised, the rest is rapidly eliminated from the svstem and in 
about three weeks’ time, it completely disappears. If the animal had received 
an injection of horse serum previously, the antitoxin is eliminated much 
more rapidly. I he rise and fall ot antitoxin in the blood, after artificial 
inoculation, can be represented graphically as shown in Fig. 8b. 
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hlimmation .>( the antitoxin from tin- body is effected through the 
various secret.ons, where it is found in much less concentration than in the 
l.lood. Milk contains some antitoxin and therefore a certain degree of 
immunity may he conferred to sucklings, by feeding them with such milk. 
As mentioned before, diphtheritic antitoxin may thus be transferred to the 
new born babies, partly by the mother’s milk which may be sufficient to give 
them immunity against diphtheria during their first year of lives. This 
amount, howcvci, ginduaily diminishes and, unless otherwise developed, 
these children again become susceptible to diphtheria. Hence the incidence 
of this infection is greatest during 2 to 5 vears of age. 

Sources of antitoxin:— Like all antibodies, the main source of anti- 
to\m lot mat ion is the retieulo-endothelial system. I he genesis of antitoxin 
has already been disetissed on page 1 >7-1 }H. 

Stages in the preparation of antitoxin :— 

1. Preparation of the standard toxin. 

2. Sele<tion of an animal. IMially, in most eases, horses are selected 
for the maniila* tore of antitoxin sera hut goats are used in the ease *of 
Clostridium \\tl«hii. Rabbits may be used for smaller quantities. 

Immunisation of the animal by repeated injections of suitable doses 
oj the toxin. 

q. Bleeding and collection ot the antitoxic serum. 

5. Standardisation (I nlr mini). 

Uses of antitoxin: —For passive immunisation. 

(ij It i^ most commonly employed for 1 hero pent ic purposes. In order 
that the treatment max be etVcctixe, the antitoxin should be administered at 
the earliest possible moment, in suflicient amount and by the quickest route 
possible. Antitoxin neutralises the toxin that is present in the blood and 
tissue fluids and thus prexents the injurious action ot the toxin, but it cannot 
undo the damage that has already been produced. 

(ii) Pruph vUn tic use is very limited and is particularly used in tetanus 
and gas gangrene. When administered for this purpose, the antitoxin 
counteracts the effects of the infecting organisms, but it cannot prevent the 
infection. Tin- value of antitoxin prophylaxis is therefore to neutralise the 
poisonous etleets of the supposed infection, thus alloxving the invading 
organisms to fall a natural prey to the defensive forces of the body (cells and 
fluids) and to be eliminated from the system in this way. As the antitoxin 
disappears from the blood after some time. •• - necessary that prophylactic 
administration of antitoxin should be repeat. .tcrvals of 5 to 6 days. 
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UNITS OF MEASUREMENT OF TOXINS AND ANTITOXINS 

In the early days of immunology the strength of a toxin was measured 
by the minimal lethal dose (M.L.D.) of Ehrlich. The M.L.D. of a toxin is 
defined as the smallest amount of toxin which, when injected subcutaneous!) 
into a guinea-pig of 250 gms. weight, will kill the animal within 4 da\s. The 
unit of antitoxin as defined by Ehrlich is the amount which will complete!) 
neutralise the effect of 100 M.L.l). of a particular toxin, i.e., prevent the 
death of a guinea-pig of standard weight within the specified time. 

It was soon realised by Ehrlich, that the value of M.L.l). of a particular 
toxin diminishes on keeping, owing to the formation of toxoid. The toxoid, 
which is always present in a preparation of filtered broth culture in associa¬ 
tion with the toxin, also plays an important part in combining with the 
antitoxin and hence the above measurement w as replaced in many laboratories 
bv Lo or L+ test. This is measured by the combining power of the total 
amount of specific antigen (toxin and toxoid) with 1 unit of antitoxin. The 
combining power of toxin and antitoxin is tested by injecting the mixture 
subcutaneously into a series of guinea-pigs of 250 gins, weight and two 
convenient end points are found out—(i) the death of the guinea-pig within 
4 davs, which gives the L -+ dose (Limes Tod or limit of death) and (ii) 
absence of local <edema, which gives the Lo dose (Limes Xul or limit of no 
reaction). 

'I'he L + dose of a toxin is defined as the lowest amount of toxin which, 
when added to 1 unit of antitoxin and injected subcutaneously into a standard 
guinea-pig, will kill the animal within 4 days. Such a quantity is expressed 
bv Ehrlich as “Limes Death” (Lime boundary or threshold) or briefh L - . 

Similarly, Lo dose of a toxin is defined as the highest amount of toxin 
which, when added to 1 unit of antitoxin and injected subcutaneously into 
the guinea-pig, will cause no observable reaction cither local or general. 
Such an amount is expressed by Ehrlich as “Limes Zero” or brietl\ Lo. 

Thus it will be seen that L+ dose of a toxin plus 1 unit of the correspond¬ 
ing antitoxin contains some amount of toxin uncombined, which kills the 
guinea-pig and this may be equivalent to 1 M.L.l)., whereas the mixture of 
Lo dose of the toxin and 1 unit of its antitoxin is completely neutral; there¬ 
fore the difference between L+ dose of a toxin and Lo dose must be equal 
to 1 M.L.D. But in actual practice, it is always found that the amount 
(L + minus Lo) is greater than 1 M.L.D. and may be anywhere between 10 
and 100 M.L.D. This is known as Ehrlich's phenomenon. 

Antitoxin is now-a-days preserved in the three standard laboratories 
in England, United States of America and (iermany, as a dry powder, 
without containing any antiseptic* and keeping it in vacuo. When required, 
a measured quantity of this dried antitoxin is dissolved in 50 per cent, 
glycerin and distributed to serum manufacturers to check their test toxins. 
The three standard laboratories are (i) National Institute for Medical 
Research, London, (ii) The Hygiene Laboratory, U.S.A. Public Health 
Service, Washington and (iii) The Inst it ut fur cxperimentalle therapie, 
Frankfurt, Germany. 
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On account of the instability of toxins, a new antitoxic serum cannot be 
standardised with it, hut is compared with a standard antitoxic scrum through 
the intermediary of its toxin. This is done by first finding out L+ dose of 
the toxin, for which a new antitoxic serum is obtained, and which is deter¬ 
mined by a standard antitoxic serum. After finding out the L+ dose of 
the toxin, it is necessary to determine the amount of the new antitoxic serum 
that will prevent death of a standard guinea-pig within 4 days, when 
injected together with a I. ■* dose of the toxin. Thus the unit of the new 
antitoxin is determined as the amount which will prevent the death of a 
standard guinea-pig within 4 days when injected together with L+ dose of 
that particular toxin. 

As the method of standardising toxins and antitoxins by killing guinea- 
pigs is an expensive one, lor economy, the intraeutaneous (intradermal) 
method of Rdiner and Sanies (mop) was introduced. By this method all 
tin- test animals sur\ ive and can be used for other purposes. This method 
led to the use ol two other standard units, viz. (i) M.R.l). (minimal 
reacting dose) and (ii) Lr (limit ol reaction). The minimal reacting dose 
(M.R.l). I ol a toxin is defined as the lowest amount which, when injected 
mtraeutaneoiisls into a guinea-pig, causes a minimal skin reaction in the form 
ol a small red tlush, 5 m.m. in diameter, visible 36 hours after the injection. 

1 he Lr (limit of reaction I dose of a toxin is defined as the lowest amount of 
toxin which, when mixed with 1 unit of antitoxin, forms a mixture of which 
o'2 c.c., injected intraeutaneously into guinea-pigs, causes a minimal skin 
reaction. The antitoxins ran now be standardised in terms of this Lr dose of 
the toxin, on the- same line as in the previous method. 

Kraser and Wingham (1024) recommend the use of rabbits in place of 
guinea-pigs for the intraeutaneous test of diphtheria toxin. The skin of this 
animal is very sensitive to the action of diphtheria toxin and the same animal 
may be* utilised for a large number of samples and thus giving an advantage 
of econoim of time and animal. 

Recently, there is yet another method of estimating the strength of toxin 
and antitoxin without the use of experimental animals. This is in-vitro 
method oj Ramon's flocculation test. This method depends on the fact that 
when, to a series of test tubes, a constant amount of toxin and varying 
amounts of undiluted antitoxic serum are added, the combination of toxin 
with antitoxin is accompanied by a llocculent precipitate. The flocculation 
first appears, and occurs rapidly in the tube in which the mixture is exactly 
balanced (neutral) and spreads to adjacent tubes in both directions. The 
tube in which there is an excess of toxin or antitoxin shows no flocculation. 
This test determines the total combining capacity of the filtrate (toxin and 
toxoid) for antitoxin and not the amount ol toxin only. Owing to the ease 
and rapidity with which the test is carried out, it has an additional advantage 
over animal experimentation. The unit fir-! suggested by Ramon was 
“antigenic unit” but it has been changed Lf unit (Limit of flocculation) 
in conformation with other units ol toxin ^ 

The Lf dose of a toxin is defined 
flocculates with a maximum rapiditx wlu. 


amount of toxin which 
! with one unit of antitoxin. 
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The following table summarises the various methods by which the units 
of toxins are measured: — 


Nature. ; Method. 


Measuring spe- 1 
tific toxicity In \i\o*. 
i.e. T o x i n 
content alone. 


Suhcutane- 

Olls. 


Intr.ii ut- 

,llln ills, 


Substances re¬ 
quired. 


Least quaut- 
it\ ol toxin. 


L» nst quant- 
it\ id toxin. 


Reactions. 


Kills a guinea- 

pig ol J5o g«ns. 

wt. within 4 

da\ s. 


(’aiisis minimal 
skin it'uitioii in 
thf hum id a 
small red tlusli 
o| 5 m.111. d la¬ 
in* t' r. v is11»1 • 

alter p* hours. 


! Lnits. 

j 

i 

M. L. I). 
( Minim a ! 
I . t h a I 

dose). 


M. K I > 

( Mmini a i 
i * -.nt i n g 

dos.-l 


Subcutane¬ 

ous. 

M e a s u r ing 
conih i n i n g 
power with i 
unit of anti- 


.r.tst amount | 

1 Kill- 

a guiuiM- 

ot toxin < i j 

jug o 

1 .>$n gni". 

unit id .»n 11- 

w t. 

within 4 

toxin. 

d.U s. 



I. a I g e s t i 


.ai g • 

.111)0111)1 

' S t 

of 

1 

( .ui- 

»* " no 

1. 

toxin ♦ 

i 

U'd* 

■m.i 



unit ol anti¬ 
toxin. 


In 


Sulu ut.un - 

oils. 


L ♦ (Lmni 

o| d'.ith) 


la. (limit ol 

IIO I * .11 t loll | 


toxin i.e. 

Toxin 4 
Toxoid con¬ 
tent. 

In vitro. 


Iriti ai uf- 

alleoiis. 


.*\|st .mil 

• LI 111 

t .Ills* 

s minim.d 

ot toxin 

t 1 

skill 

lM(t H Ml III 

unit ol . 

nit i- 

l h»- 1 

loim ot a 

toxin ; 

o _• 

Sill.111 

I'll flush 

l.l. ol 

t fi i - 

ol 5 

m.m dia- 

mix tun- 

is . 

nii'ii i 

Vlslhl. 

i 11 j* 1. f*-d. 


;dt*i 

houis. 


I 

That amount ' 

ol toxin * 1 Him i ul.it* s most 

unit ol an tapidlv. 
antitoxin. 


la ( Limit 

id | • at t loll! 


Id I Limit 
of tku t illa¬ 
tion). 


Note ; There Is IlO (lifei t method of me.'islll iIIg the toXold t out* III alolie. 


ACTION OF TOXINS 

When toxins are injected into the circulation, they reach every cell in 
the body, including the susceptible ones, and enter into a sort ol loose 
combination which may be easily dissociated. It is rcallv a sort of adsorp¬ 
tion by the cells. In this stage, actual damage docs not take place. Later, 
the toxin enters into a firm combination with the susceptible cells and after 
once this has taken place, it cannot be dissociated. It is onlv after such a 
firm union has occurred, that the toxin is enabled to exert its specific toxic 
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HTrct. Unless tin- toxin combines with the cells, neither can it produce its 
poisonous effects nor can it give rise to the formation of antitoxins. This is 
shown hv the following experiment : — 

Rat is non-susceptible to diphtheria toxin and when the latter is injected 
into the emulation oi the animal, it remains iree and uncombined in the 
blood stream lor a long time, so that its blood is toxic to a susceptible animal, 
su< b as <1 ^mtu **-pig. I his is due to the tact that owing to the absence of a 
suitable receptor, the toxin is not absorbed by the tissues and hence not 
removed from the < in illation. In this animal no antitoxin is produced. 
Similar experiments ma\ also he performed with tetanus toxin in case of a 
turtle. In some cases, however, though a firm union occurs, no damage is 
inflicted to tin cells, although production of antitoxin takes place. This can 
he demonstrated in the alligator which is non-susceptible to tetanus toxin, 
though the latter combines with its cells. As the production of antitoxin 
occurs onl\ in individuals whose cells have the specific power of binding the 
toxin, the alligator is capable ol producing tetanus antitoxin. 

Practical application of the above knowledge 

(il \v there is a long; latent period which must elapse bcfoic the toxin 
• an produce its injurious action, antitoxins should be introduced in the 
lieatmcnt <»l an inlr* lion as uirl\ as possible. 

(J! Tin union In tween the toxin and the tissues is at first a loose one 
and a large ipiantitv ot antitoxin can dissociate such a union during its 
initial slag;*. Heine the nere^sity oi the use of antitoxin in large excess. 
< )n* e th* union is * omplctc and the cells are damaged, no amount of anti¬ 
toxin can undo the mischiet that has occurred. 

ON THE NATURE OF UNION BETWEEN TOXIN AND 

ANTITOXIN 

Toxin and antitoxin unite outside the body (/'// vitro) to form a distinct 
compound, but this union, as will hv* seen later, is not immediate. During 
such a process the toxin is not destroved hv the antitoxin, as there is evidence 
to show that the toxin-antitoxin complex, when formed, may afterwards be 
dissociated and the toxin again liberated. 

Proof thiit to.\in-ontito\in cotupliw is ilissociablc :— 

Calmette’s experiment with snake venom and its corresponding 
antitoxin (antivenin):-- Snake venom is thermostable, not being distroved at 
So A*., whereas its antitoxin is rendered inert at much lower temperatures 
(os'CM. He found that a neutral mixture of venom and antivenin becomes 
toxic again, il heated to hSH\ for 10 minutes. The antivenin has been 
destroyed In heating, lull nut the venom, although it had combined with the 
fnrinrr. 

. l\c of toxin-antitoxin mixture f.» '"'nunising- children against 
ia, resulted in some deaths. The.gation into tins untoward 
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result of inoculation subsequently proved that the toxin was dissociated from 
its combination with the antitoxin, while the toxin-antitoxin mixture was 
kept in the cold chamber. 

It has been found that the interaction between toxin and antitoxin takes 
some time and if sufficient time is allowed for this, the union may be a firm 
one. This is proved by the filtration experiment of Martin and ('berry and 
supported bv Brodie. They made use* ol porcelain filters, the pores of which 
were blocked with gelatin. Such a filter will allow the smaller toxin 
molecules to pass through, but not the antitoxin molecules which are much 
larger than the former. If a mixture of toxin and antitoxin is made and is 
allowed to pass through such a gelatin-saturated filter candle at various 
periods after mixing, it is found that the amount of toxin that ran pass 
through the candle is less, the longer tin time elapses between the mixing 
and filtration. If the mixture is filtered after it is allowed to act for 2 hours, 
the filtrate will be altogether non-toxic, showing that firm combination of 
toxin and antitoxin has taken place. Similarly, in Calmette’s experiment 
with snake venom stated above, if the mixture C allowed to act tor some 
time, sav for more than ^o minutes, it will be tar more difficult to liberate 
the venom from the combination and in that case heating of the mixture will 
not cause any toxicity. 

The above experiments show that union of toxin and antitoxin takes 
place slow lv and is at first a loose one, i.e., dissociable, but with lapse of time, 
the union becomes firmer and firmer. 

Danysz phenomenon: —It is found that a given amount of antitoxin 
neutralises less toxin when the latter is added in sc\eral fractions at intervals 
than when all the toxin rs added at once. 1 his was first noted with ri< in and 
antiricin by Danes/ (i<jo-l and later confirmed b\ von Dungern ( 1 <> 41 , using 
diphtheria toxin and antitoxin. 

Nature of union between the toxin and the antitoxin: — It is ad¬ 
mitted that the toxin and the antitoxin combine to form a distinct compound 
but there is still much uncertainty as to the nature of this union. Regarding 
this subject, there are two main theories, chemical and pbvsical. The former 
is advocated by Khrlieh and modified by Arrhenius and Madsen, and the 
latter by Bordet and further extended by von Krogh. 

1. CHEMICAL THEORY: -Khrlieh believes that there is a firm chemi¬ 
cal union between toxin and antitoxin, just as a strong acid combines with a 
strong base, conforming with the law of multiple proportions. Arrhenius 
and Madsen suggested that the interaction between toxin and antitoxin is 
like that between weak acids and weak bases, which is go\ erned bv the law 
of “mass action” and is apt to exhibit a reversible action. From this it will 
follow that the union is unstable and easily dissociated. In a neutral mixture 
of toxin and antitoxin, there is always present free toxin and antitoxin as well 
as toxin-antitoxin complex. This theory thus explains the Khrlich’s pheno¬ 
menon but fails to explain the Danysz phenomenon. 
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2. Phi) Sl( A L I HFOR) : In order to explain the various phenomena 
<>( toxin-antitoxin reactions, Bordet introduced his physical theory of adsorp¬ 
tion and suggested that a molecule o! toxin is adsorbed bv its specific anti¬ 
toxin, exactly in the same way as a dye is adsorbed on to a filter paper. In a 
mixture ol toxin and antitoxin, the latter is equally distributed over the mole¬ 
cules o! the former, forming a uniform mixture of partially saturated toxin or 
partially saturated antitoxin, according to the proportion of the two sub¬ 
stances. Once the antitoxin has combined with the toxin, it is verv difficult 
lor the latter to combine a^ain with further antitoxin and in this wav Danvsz 
phenomenon can be explained. \on Krojjh further extended the adsorption 
theor\ of Bordet. He regarded that toxin-antitoxin reaction takes place in 
I wo stages. In the first sta^e, tnxin is fixed to the antitoxin bv adsorption. 
In the second staj^e, alter this union, a secondary chemical combination 
occurs and a compound is formed, resulting in a flocculent precipitate. 

('ittnlusiu)i: —It is to be seen that Bordet’s adsorption theory, with 
the extension of secondary chemical combination of von Krogh, can explain 
all the phenomena of toxin-antitoxin reaction. 
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AGGLUTININS AND AGGLUTINATION REACTION 

In iSSc), Cliarrin and Roger noted that when bacteria were allowed to 
grow in the serum of immunised animals, thex formed clumps which wen* 
deposited at the bottom of the vessels. It was (iriiber and Durham (iKtjb), 
however, who first made a special studx ol the* phenomenon of specific 
agglutination. In June, iSqO, Widal showed that the blood serum ol a 
patient suffering from typhoid lever developed specific agglutinins during 
the course of the illness and suggested that agglutination reaction might be 
of great value for diagnostic purpose in l x piloid lexer. I he reaction has 
therefore been known as W idal’s reaction. 

Definition: —Agglutinins are antibodies which are de\ eloped in an 
immune serum and by virtue of which, bacteria are made to aggregate into 
clumps when suspended in a saline solution. W ith this < lumping, the 
bacteria, if previously motile, become motionless. Such a phenomenon max 
be observed xxith non-motile, as xxtll as dead, bacteria; hence, it is not 
necessary that living and motile organisms should be 11sit 1 lor tin icaction. 
Agglutinins, apart from being developed in the sera til immunised animals, 
are formed in the blood of patients sulVering from certain bacterial diseases, 
such as enteric fever, Malta lexer, etc. I he substance xxhi«h excites the 
formation of agglutinins in the animal bodx is t ailed the agglutinogen. 

Properties of agglutinins :— 

1. They are verx stable bodies, withstand drx in $4 for manx months, 
even when freely exposed to the air, are little a flee ted bx light and j)utn fac¬ 
tion and not destroyed by heating at 53d'. 

2. Ibex ac t best in a neutral or laintlx acid medium and are injmed bx 
alkalis. 

3. Like most other antibodies, thex are ( lost lx related to the globulin 
fraction of the serum. 

4. The presence of the complement is not necessary lor their aetivitv. 

5. Khrlich regards agglutinins as receptors «»f the second order, 
consisting essentially of txxo chemical side-chains, a haptophore group 
combining with the antigen and a zymophore or ergophore group xx hit'll 
causes the (dumping (Fig. S7). The latter is more easilx destroved than the 
former which is heat-resistant (cf. toxin). A serum containing agglutinin, 
when heated to 7o°l\, is unable to cause dumping of its homologous antigen 
(bacterium) as its zymphorc group is injured, but is still capable of uniting 
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with its spt-rilir ant.ffcn. To such an inactive a^lutinin the term agglutinoid 
is applied (d. toxin and loxotd). A^lutinokl has a greater affinity for the 
bacterial receptors than has a KK lu,inin. This vn ill be referred to later in 
explaining the "a,nr phrnnme ,of a^lutination reactions. 


BACTERIUM 



Fig. 87. 

I'.hrlirh •* < oncojit ion about thr nature of atrglutiuin and ils mode of action. 

A diatrraiiimatic repre>entation i. 

Nature of the agglutination process: —There are many views as to 
the nature <>f the union between agglutinin and agglutinogen. That agglu¬ 
tination process is pureb a physical phenomenon was distinctly shown by 
Hnrdcl. He considers that the reaction occurs in two phases. In the first 
phase, the agglutinin unites with the agglutinogen, i.c., the bacteria adsorb 
the specific agglutinin and are thus sensitised. While in the second phase, 
the sensitised bacteria, in the* presence of electrolytes, agglomerate .into 
clumps and settle down b\ gra\it\. 1‘his stage can be postponed indefinitely 
b\ keeping the mixture of the bacteria and diluted serum, as free as possible, 
ftom electroh tcs. Ii is to be noted that as a result of union between the 
agglutinin and agglutinogen, some physical alteration is produced in the 
bacteria, permitting them to be agglutinated in the presence of electrolytes. 

Effect of agglutination :—The vitality of the bacteria is in no way 
injured bv their specific agglutinins. On the contrary, they are quite capable 
of multiplving and growing in the agglutinated state. The value of agglu¬ 
tination as a means of resistance to infection, is not yet settled; but possibly 
some degree of agglutination may facilitate phagocytosis and localisation of 
the infection. 

Varieties of agglutinins: —When bacteria are introduced into the 
system, they may cause the development of not one, but several different 
types of agglutinins. The bacterial cells may be regarded as consisting of 
complex substances, all or some of which act as antigens and form agglu¬ 
tinins. Several units of such complex bacterial cells may also occui in the 
closely related bacteria of different strains. Such a conception of the com¬ 
position of bacterial antigen is known as the “ antigenic mosaic." This 
feature is spec ially noticeable in the case of the dysentery bacillus of Flexner 
(vide infra). 

Agglutinins which act on the infecting organisms arc known as the 
primary, homologous, specific or major a.*- ...’onus. This type of agglutina¬ 
tion is observed with relatively high dilm.»' the homologous serum, the 
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specific antigen alone exhibiting the clumping. Agglutinins which act on 
other closely related bacteria are known as secondary, heterologous, group 
or minor agglutinins. This type of agglutination is only observed with 
lower dilutions of the serum, and it is non-specific in character. In some 
cases, particularly with the Salmonella organisms, the group agglutination 
may be so marked that it is impossible to identify the different strains of the 
group by the use of the agglutinating serum even at full titre (Titre is the* 
highest dilution at which agglutination occurs). The organisms can, how¬ 
ever, be differentiated by the use of tin* absorption or sat oration test of 
Castellani and by cross agglutination. This is determined by saturating the 
agglutinating serum with the culture of the homologous organism, centri¬ 
fuging, and then testing whether the supernatant fluid will agglutinate the 
organisms of the allied strain. 

RECENT RESEARCHES ON AGGLUTINOGENS AND 
AGGLUTININS 

Within recent years, a number of discoveries lias been made regarding 
the varieties of agglutinogens and agglutinins. It has been recognised that 
different components of a bacterial cell may behave as separate agglutinogens, 
giving rise to their specific agglutinins. In the case of motile bacteria, it has 
been found by Theodore Smith and Rcagh (too;) that flagella took an 
important part in agglutination, in addition to bacterial bodies. Thus, two 
kinds of aglutinins have been detected; that produced bv flagella is called 
flagellar or H agglutinin, and that produced by the bacterial bods is called 
somatic or O agglutinin. 'This is known as qualitative receptor analysis. 
Again, a specific agglutinin has been found in association with flu- capsule or 
the coat surrounding the- bacteria, e.g. in Diplococcus pne umonia*. ()th« r 
kinds of agglutinins are observed in connection with variation of colonies 
from smooth to rough forms, e.g. in the case of Eberthclla t\phi (Arkwright). 

Flagellated bacteria :— 

FLAGELLA K OF II \CCI.t II.XI.X AM) ITS ACC 1.1 "IT\( HiE.X: - 
Flagellar or H agglutinin forms clumps whic h appear much mote* quiedJv and 
are large, loose, fluffv and flocculcnt. These chinos are easilv broken on shak¬ 
ing. W hen the\ arc* examined microscopically, thev are found to be* formed bv 
the cohesion and interlacing of the flagella. The bacilli are found not touch¬ 
ing one another, but King in a tangled mass of agglutinated, motionless 
flagella (Fig. 88). These agglutinins arc heat-resistant, i.e., not destroyed bv 
heating at 6o° to (>2°U. As will be* seen later, these II agglutinins, being 
heat-resistant, can be* separated from the O agglutinins which are heat-labile, 
bv heating. They can also be* separated by the* absorption te st, i.e. saturating 
the serum with a suspension of non-motile strain which will remove* all the 
somatic' or () aggultinins but leave* the* H agglutinins untouched. 

Its corresponding antigen (H or flagellar agglutinogen) is destroyed bv 
heat at 6o° te> 62 °C\, or by mixing it with alcohol. Similarlv, bv growing the 
bacilli in o'i per cent, phenol agar, the* flagellar or H antigen is reduced or 
abolished, leaving only the somatic or () antigen. 
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Fig. 88. 

Flagellar ugglut mat ion under the 
mierosoope. 

1 A diagrammatic* representation). 


Fig. 89. 

Somatic agglutination under the 
microscope. 

A diagrammatic representation). 


SOMATIC OR O ACCH TIMS ASI) ITS A GCLC TIXOCEX:— In 
the process ot agglutination by somatic agglutinins, smaller and denser 
clumps are formed very slowly, and they appear as small granules which 
may be of the si/c of' grains of sand, or too small to be detected by the naked 
eve. The clumps cohere much more firmly and are not nearly so readily 
affected by shaking as the flagellar ones. W hen these clumps are examined 
microsropicallv, the bac terial bodies arc- found to be* in close contact with one 

another, quite unlike the picture found in 
flagellar agglutination (Fig. 89). Such 
clumps may move about by the action of 
the free unagglutinated flagella. Somatic 
or C) agglutinins are thermolabile, i.e. less 
heat resistant than the H aglutinins. In 
this connection, it should be noted that 
O agglutinins of group organisms are all 
similar and identical, whereas the H 
agglutinins are specifically different. 

Its corresponding antigen (O agglu¬ 
tinogen), unlike H antigen, is neither 
destroyed by heat nor by alcohol. Hence, 
for carrying out the somatic agglutination, 
its specific antigen is prepared by treating the bacterial emulsion, either with 
alcohol or heat, thereby destroying the flagellar or H antigen, while leaving 
the* somatic or () antigen intact. Somatic antigen can also be obtained by 
favouring the growth of non-motile forms, as is done by growing the organ¬ 
isms in o* 1 per cent, phenol agar. The O forms so produced arc eventually 
non-mot ile and devoid of flagella (Fig. qo). 



N.S. 

Fig. 90. 

Diagram showing the los* of 
flagellar antigen H when the 
normal motile form 1^ transformed 
into a non-mot ile one. 

M.S. Motile smooth form; N.S. - 
Non-mot ile smooth form. 


Noth:— The words H and (> represent the German names Haucli and 
(flute Hunch, meaning spreading and 11011-spreading growth of Proteus 
vulgaris in which organism these antigen. originally described by Weil 

and Felix. 
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VALUE OF SOMATIC 1 AM) FLAGELLAR AGGHTIMSS 

1. In diagnosis: — 

(i) Flagellar agglutinin is not present in normal serum whereas somatic 
agglutinin may he present in it in a very low tit re*. 

(ii) In the process of infection with motile* organisms, () agglutinins 
appear earlier than H agglutinins (Felix). As already referred to, the* () 
agglutination is not a spevifie' hut a group reaction, being common to the 
allied organisms. Hence, tor the differentiation of the* species in the* group, 
one* must wait for the* appearance of the II agglutinins. 

(iii) In a we*ll developed! antiserum, the flagellar agglutination may occur 
in a much higher dilution (i : 20,000) than somatic agglutination (1 : joo ). 

(iv) I'lie* e*lfe*ct of the* administration of a \accine results in the ptodu» - 
lion of the* H or flagellar agglutinins which cause- tloccular agglutination of 
the bacillary emulsion with a ve*r\ dilute* serum, hut the- <> or somatic agglu¬ 
tinin, which is responsible* for granular agglutination, is either absent or 
present only in a very low titre. In a vaccinated pe rson, although the se- anti¬ 
bodies may disappear from the- serum in e nurse- ol time-, a ve-rv slight stimu¬ 
lus, be* it specific or non-spevifie, causes their reappearance owing to the- re- 
active condition of the- cells which produced them. I he- n appearance- ol 
antibodies in response* tee such non-specific stimulus is called the- antimihh s// t 
reaction, and this occurs ehie-flv with flagellar m II tvpe- ol agglutinin; 
somatic* or () tvjie* of agglutinin is not < apable ol re-susi it at ion bv the- non- 
spee'ifie* stimulus. Thus, somatic agglutinin, though less spec ifi« , is ol veiv 
gre*at value* in the* diagnosis ol an infection, panic ularlv in the- inoculated 
persons. By reiving on the- () tv pe * ol agglutination, emus m diagnosis are 
not likelv to oe'cur. 


2. .l.v an index of immunity: Until latch, the de velopment e »f a high 
de*gree of agglutinin in the- serum ol a patient infected with Fbcrthella tv phi 
was considered to have- no relation with t he- cjue-st ion ol immunity I Ins was 
because* all the* attention was paid onlv t<» the- II or flagellar agglutinins. 
Xovv-a-days, the* ine*eption of the- somatic or () agglutinins in this held has 
altered the* previous ide*a. This, as already pointed out, is the- result ol a 
spee'ifie* reaction associated with the- development of immunity. Thus, it will 
be* seen that the presence* ol somatic- or () aggh.imins in the- serum of a patie nt 
suflering from IT tvphi infection alvvavs signifies a good prognosis. In 
this connection, it should be- note-el that according to Felix, the- most se ve re 
and fatal cases of typhoid fe*ver do not produce* anv () agglutinins. 

I he* properties of two type s ol agglutinins and agglutinoge ns mav b** 
summed up in the following table : - 


Tlagcllar or II agglutinin, 

1. Clumps appear quickly ; large , 
loose, fluffy and flocculemt. 
They are easily broken. 

2. Heat-resistant. 

3. Specific. 


Sotnatn or agglutinin. 

1. Flumps are* formed slowly; 
small and dense*. They are 
no* easily broken. 

Heat-labile*. 

3. Not speeifie' but a group 
phenomenon. 
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Flagellar or // agglutinin . 

4. Not present in the normal 
serum. 

5. Appears late in an infection. 

6. Develops during prophylactic 
vaccination. 

7. Capable of responding to non¬ 
specific stimulus. 

8. Not an index of immunity. 

// agglutinogen. 

1. Related to flagella. 

2. Destroyed by heat (heat-labile). 

„v Destro\ ed bv alcohol. 


Somatic or O agglutinin . 

4- Present in the normal serum in 
low dilution. 

.v Appears earlier in an infection. 

b. Either absent or present only 
in very low dilutions, during 
prophylactic vaccination. 

Not capable of responding to 
non-specific stimulus. 

8. An index of immunity. 

O agglutinogen. 

1. Related to bacterial bodies. 

2. Not destroyed by heat (heat- 
resistant). 

4. Not dest roved by alcohol. 


MCLTIFLICI l T OF SOMMIC A\I) FLAGELLAR AXTIGENS :— 
Recent works have tended to show that certain bacteria may contain more 
than one flagellar and somatic antigens. That the somatic antigen is often 
complex and consists of several units, forming what has be'*n called the 
antigenic mosaic, is best illustrated in the case of dysentery bacillus of 
Elexner. Since thi> bacillus is non-motile, only O type of agglutination is 
to be observed and this is particularly so with the Shiga’s strain which con¬ 
tains on!\ one agglutinogen and for which one agglutinin is found in the 
corresponding serum. Hut in the case of Flexner’s strain, Andrews and 
Inman (1910) were able to demonstrate the presence of fi\e or more somat'C 
antigens, which enabled them to classify this species into several strains, 
such as Y, \Y, X, Y and Z. 

In the case of the Salmonella group, the flagellar or H antigen is 
diphasic', one phase being specific' for a particular type, the other or group 
phase being shared by a number of related types. 

Capsulated bacteria:— The capsulated bacteria, e.g., Diplococcus 
pneumoniie, however, give rise to two types of agglutinins, one associated 
with the capsular substance (a polysaccharide) which gives the type-speci¬ 
ficity and the other with the bacterial endoplasm (a nueleoprotcin) which 
determines the species characters. The serum of an animal immunised with 
capsulated D. pneumoniie, agglutinates only cocci of the same type, whereas 
the serum of animals inoculated with the cocci devoid of capsules agglutinates 
all D. pneumoniie, whatever be their type. This subject is dealt with in 
greater detail under D. pneumoniae. 
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Colony Variation in Relation to Agglutinins:— It is now known 
that two types of colonies grow in connection with certain motile bacteria. 
These are the smooth or S tvpc of colony, representing the ordinary lorm 
and the other, the rough or R type. Such transformation from S to K types 
is attended with an alteration in the structure o! the somatic antigen xvhich 
is now designated as pf antigen (big. 01). ^ hen this alteration lakes place 
in the antigenic structure, its specific character disappears, and, instead o! 

being confined to one genus, 
the O agglutinogens become 
cosmopolitan, being distribut¬ 
ed wideb in different genera 
oi bacteria. Kor example, in 
the case ot Kberthella t\ phi, 
when the normal smooth t x pe 
of bacilli changes into the 
rough txpe, the corresponding 
somatic () antigen also 
changes into varietx, w hieh 
is no longer confined to the 
Kberthella group but is also 
found in other bacterial 
species. I bus, along with the colonx variations, the specificitx o! the 
agglutinogen (antigen) is also lost. Another point is to be noted that an 
emulsion of rough colonies tends to auloagglutmate in ph\siological salt 
solution. 


S R 



Diagram showing the ant igcnir >t met lire of 
Kberthella t if phi in all and 

rough forms; note the alteration of th 
antigen. There i> however no chain 
flagellar antigen. S represents the »n 
and R the rough torm. 


USES OF AGGLUTINATION REACTION 

1. For diagnostic purpose , speeiallx in the following diseases, such 
as enteric group of fevers, undulant lexer (Malta lexer), bacillarx dxsenterx 
and cholera. In these cases, the agglutinating power of the patient’s serum 
is determined upon the culture of a known organism supposed to be the 
infecting agent. The reaction is associated with the name of Widal and is 
called II iihil’s reaction. It was first used b\ him in the diagnosis of tvphoid 
fever. 

2. To identify an organism that has been isolated from an infected 
material. This is particularly applied in cases of K. typhi, Salmonella group 
of organisms, K. dysentcria*, V. comma, etc. This reaction is known as 
Bordet-Durham reaction. Kor this purpose the suspected organism, xxhich 
has been isolated, is tested for its agglutinabilitv against a known serum of 
high titre, i.e., high agglutinating value (at least 1:1,000). Such high titre 
sera are prepared in the laboratory bx inoculating rabbits xxith the specific 
organisms. 

3. To establish a serological classification <>f bacterial strains, 
e.g., of Diplococcus pneumonia*. Neisseria meningitidis and others. 



SL1DF AGGLUTINATION* 


DEMONSTRATION OF AGGLUTINATION REACTION 

Agglutination of l.aru-ria by spc ifi. antiserum may be demonstrated by 
two fillet methods, mirroseopu and ma< roseopic (by the naked eye). Which¬ 
ever method is used, the three reagents which are always necessary for the 
reaction are serum, bacillary emulsion and a suitable electrolyte (normal 
saline). 

Microscopic method:-- Ihrec dilutions of the serum, i : io, i 120 and 
1 are prepared in test tubes fir watch glasses by the drop method. This 
may be <*on\enientK done b\ taking 1 drop of the serum and mixing* it with 
0 drops ol normal saline, making* a dilution of 1 in 10. One drop of this 
diluted serum, when mixed with one and four drops of normal saline, will 
give a dilution ol 1 in jo and 1 in 50 respectively. When a drop of each of 
these diluted sera is mixed w ith a drop 
ol the bacillary emulsion, thi final 
dilutions ol 1 in jo, 1 in .40 and 1 in t 

roo are obtained. It is preferable to < 

have a vmmg li\e broth culture tor 1 \ TvTIa)/* 

this test, a^ clumping* of the bacilli is t' 

more easily observed with living* ml- ^ \ ^ 

tures than with the dead. A thin ^/) '' '* 

bacillary emulsion from a young* agar ^ 

culture mav also be employed for this 

purpose. The preparations are made 0 ^ 7 ^>T*I 

on a gdass slide and covered with a '/ N V \i) 

(over-glass. Alongw ith this a control ^ ' ** ‘ 

preparation is made with saline only. 

I he edges of the* ('over slip> mav In- 

sealed with melted vaseline to prevent A B 

evaporation. The preparations are F,g * 92, 

.1 • , , „ , n ., Micro .-cop it* agglutination reaction, 

t fu n put m tin- m< ubator at } / C . foi A- j^.fore the specific serum is added; 

a period of * to I hour, after vvhieh. ,,ot< ‘ tlu ‘ organisms are separate. The 
**. same i* oliserved in the control area in 

they are examined microscopically. In winch normal saline is added. 

our tropienl elimate, partieularlv R Afu ‘ r thc s * )e( * ifk ‘ serunl is added; note 
. 1 1 - the dumping ot the organisms, 

during the summer time, the prepara¬ 
tions may be It*ft on the working table. In a positive case, thc bacilli will be 
found to have collected in clumps, whereas in the control, they will remain 
free from one another, evenly distributed and actively motile (Fig*. 92). 
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Fig. 92. 

Miero.xcopie agglutination reaction. 

A- lief ore the specific serum is added; 
note the organisms are separate. The 
same i* observed in the control area in 
winch normal saline is added. 

B After the specific serum is added; note 
the dumping ot the organisms. 


Macroscopic method: — 

A. Slide method: —Though it has many fallacies, still it is a very useful 
and quick method and is often a valuable working guide for determining the 
identity of a freshlv isolated organism. It also enables one to know which of 
the suspected colonies in a culture is to he submitted for further investigation. 
A loopful from the suspected colony is rubb*^ with saline on a clean glass 
slide, so as to yield a uniform turbid emu! I wo such preparations arc 

made and, if it is suspected to be Kbert"- * nhi, a drop of a diluted 
antityphoid serum (stock) is added to one vision and a drop of saline 

to the other, the latter serving as a contre ’ .Tide is rocked for a minute 
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or so. If the suspected organism is F. typhi, flocculation, as judged by the 
development of obvious granularity to the naked eye, occurs in the test pre¬ 
paration, whereas the control will remain uniformly turbid (Fig. 93). 



Fig. 93. 

Slide agglutination. 

C—Control area i 11 winch normal *ulim* i> added. showing 
uniform turhnlity of the emulsion- 

T- Te*d area showing flocculation or granulation of the 
emulsion when the high litre sited fir serum is added. 
The reaction is positive. 


B. Dreyer’s method: — 

MATERIALS REOl 1 RED: -Vide Fig. 07. 

1. Dreyer’s rack (Fig. <14). Ibis consists of a metal (copper) rack 
provided with (a) fifteen small holes in three rows o! 5 each, for agglutination 
tubes, and (b) four larger holes, two at either end, lor dilution tubes. 
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Fig. 94. 

Dreyer’s rack. 


2. Driver’s agglutination tubes 
(Hg. <151. These tubes are of 
2,\" > J' si/ r with tapering ends. 

Into these tubes actual agglutina¬ 
tion phenomenon takes place. 

.v Dreyer’s dilution t u h e s. 

I hese are larger tubes of 3" * 
si/e, in which dilution of tlu* scrum 
is carried out. 


4. Dreyer’s pipette. This is a 
form drops can he measured out. 

5. Dreyer’s standard water hath. 
In this a constant temperature of 
50° to 56°C. is being maintained by 
a regulating mechanism, operated 
bv gas (Vide Fig. 98) or electricity. 

6. Supply of normal saline in 
a sterile pot. 

7. Standard bacillary emulsion 
(vide infra). 

8. Patient’s serum. The serum 
must not be haemolysed, otherwise 
false positive reaction will appear. 


special standard pipette b\ which uni- 
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Fig. 95. 

DreyerV agglutination tubes. 
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HO IV TO USE THE TEATEl) PIPETTE:—A little practice is required 
to gain a perfect control over the teat. Figure 96 shows the correct method 
of holding a trail'd pipette. J lie pipette is held vertically (so that the drops 
may he uniform) against the palm by the little and ring fingers. The thumb 

and th*-* index linger remain free to control the 
teat. \\ ith each change of reagent the pipette is 
well washed bv rinsing it once or twice with boil¬ 
ing distilled water and expelling the moisture as 
far as possible. Two points are marked with 
a grease pencil, representing the capacity for 
10 drops and 15 drops by volume respectively. 

F. 1 (TORS ('0\( ERNEI ):— 

(i) Tvmpvrutur?: —Agglutination reaction is 
best observed at an optimum temperature of 
55 A • 

(ii) rime :—Time limit, however, varies 
with different organisms, e.g., for Eberthella 
t\phi, 2 hours and for Eberthella dysenteries 
an average of 4 hours is necessary. Even in 
Eberthella typhi, time limit varies, whether H 
agglutination or O agglutination is estimated. 
T he latter requires a longer time (18 hours) for 
its reaction. 

(iii) Presence of an elvetmlytc:- —T his is necessary for the agglutination 
o! bacilli and is added in the form of saline. 

(iv) A ’at arc of Imeillary emulsion: —The result will vary if the emulsion 
is too thin or too thick; hence standard emulsion is necessary. Usually, a 
strength of 500 to 1,000 millions bacteria per c.c. is found to give the best 
result. An emulsion of living or dead bacteria may be employed but the 
latter is obviously preferable owing to the risk ol inlection, when ireelv 
handling \ indent pathogenic micro-organisms. 

(v) (lentlc motion: —This greatly facilitates agglutination reaction and 
is applied in tin* form of convection currents, by immersing hall the length of 
the tubes into the water bath. 

PROF EDI’ RE FOR U1 DAL REACTION :-—(This is described as used 
for the diagnosis of typhoid fever). 

7 V.v/ rack:- Fifteen small agglutination tubes and one or two dilution 
tubes are fitted up in the metal rack (Fig. 97). The patient’s serum is 
diluted 1 in 10 with normal saline in one ol the dilution tubes. The actual 
dilution is carried out by the drop method with the help of the standard 
Drcyer’s pipette. One in ten dilution is obtained by measuring 10 drops of 
the serum and qo drops of normal saline and thoroughly mixing them in the 
dilution tube. T his diluted serum is distributed in the tubes as shown in the 
table below and normal saline is then adr*-'« so that each tube will contain 
to drops of both combined. The bacilla.Jsion is then added, 15 drops 



Fig. 96. 

Method of holding the 
linger* pipette during 
iiieuMireim'iit of drop:?. 
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Doilimj Wafe r' 


• ~ 



Fig. 07. 

Outfit for performing the ugglut mat um motion 1 »>- Iireyer'r* macroscopic 

method. 



Fig. 98. 

Standard water hath in which the teM rack and tlie 
control rack arc immersed. 
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into c*H( v li of the tubes, so tluit the total volume becomes 25 drops in each, 
h inal dilution is then ( ale ulated out. While doing the test, a pot of boiling* 
distilled water must be kept going on to rinse the pipette, each time it is 
used lor different reagents. If there is any air-bubble at the botom of the 
agglutination tube, it should be driven out by gently tapping the tip of the 
tube. I he following table shows (dearly the system of dilutions that is 
adopted in our laboratory. 


Number of l ube I 

Drops of diluted (1:10) serum 10 

Drops of normal saline solution o 

Drops of standard bacillary emulsion 15 
Final dilution ot the scrum 1 25 


II III IV V 


S 3 21 

5 7 8 9 

LS 15 T 5 L5 

1 50 1 H34 1 125 1/250 


When Widal reaction is carried out for typhoid fever, the front row 
is set up with the bacillary emulsion of Eberthella typhi (B. typhosus), the 
middle row with Salmonella paraisphi (B. paratyphosus A) and the back 
row with Salmonella sehottirmlleri (B. paratyphosus B). The rack is then 
incubated in a water bath at 55K’., so arranged that tin level of water is 
about halt wav up the column of fluid in the tubes (Fig. 98). 


('nutrul ntt'k (I'iJi' Fig. 07):— Along with the test rack, a second one is 
put up to ser\e as a control of the bacillary emulsion. For this purpose, 

} agglutination tubes are fitted up in the rack and 10 drops ot normal saline 
are put in each. Then 15 drops o! baeillarv emulsion ot E. typhi, S. para- 
t\phi and S. sehottmiilleri are added. 1 his control is necessary, because 
sometimes the bacteria show auto-agglutination. So, in the case ol a posi¬ 
tive reaction, one must be sure that the emulsion is not agglutinating of itself. 

l\E 1 DISC THE ItESri.TS: —After two hours' incubation at 55°C., 
the ra< k is removed from the water hath and allowed to stand for 15 minutes 
at room temperature. Moisture I rum the tubes is wiped oil and the tubes 
are examined for the formation of clumps visible to the naked eye. I hese 
clumps mav be floating in the fluid or deposited at the bottom (Hg. 99). If 
davlight is used for inspection of the tubes, the lingers passed up and down 
behind llicm will render the flocruli more visible. The recognition ot clumps 
is made easier when examined against a black back-ground by means of 
an artificial light. 


In a pi>>i 1 i\c case, there will Ik- flocculation, dumping coarse or fine 
granulations, according to tin- strength of tlu- serum. It is better to use a 
band lens and a reflected light, so that very fine granulations may not escape 
detection. The control tube should no. slum any agglutination. It floccu¬ 
lation appears in the control tube, the result is invalid and the test should 
he repeated exit It a tlilTere.it bacillary emulsion. In a negative ease, there 
will he uniform haziness, hut no granulation'- *"• 
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TEST RACK CONTROL RACK 



Fig. 99. 

Positive agglutination miction as carried out by DreyerV macroscopic 
method. The first three tube* show ilocrulut ion and sedimentation 
and tiie fourth tube sho>\> only tloeeulation. There 1* no change in 
the fifth tube and in tlie control rack. The titrr of the reaction i" 1 l-'». 

E\ PRESSIXCt THE RESl I/I S: ~ Flocculation, and not sedimentation, 
is taken as the end point, the result being expressed in terms oi .serum dilu¬ 
tion and is known as the litre of the serum. Thus, it the end point is 
observed in tube IV’, the litre limit is stated as 1 in 125. 

Determination of the litre limit :—If any serum shows positive reaction 
up to the last tube (1 in 250), the serum has to be further diluted 10 times, 
i.e., from 1 in 10 to 1 in 100, and the same procedure is to be followed to 
find out the end point of the reaction. The final dilutions are then 1:250, 
1:500, 1:830, 1:1250 and 1:2500. This determination oi the end point is 
important for diagnostic purposes, because, in the* course of an infection 
with Eberthella typhi, the agglutination reaction, as will be seen later, 
varies and it is necessary to repeat the reaction several times in the course 
of the disease. Thus, to compare how the reaction is varying, one must 
know the titre limit of the serum in all experiments. In some cases, c\cn 
further dilutions may be necessary and, at cat'll time, it is diluted 10 times 
more. 

Zone phenomenon: —It not infrequently happens that sonic sera exhibit 
failure to agglutinate a bacterium in lower dilutions, such as in 1 in 25 to 1 in 
50, but the agglutination appears normally in the tubes containing higher 
dilutions of the serum. 'This is what is known as the zone phenomenon. 
In fact, the sera which exhibit this inhibition /one often show a verv high 
agglutination titre. It is especially noticed with sera which have been 
kept for some time or heated at f>o° to 7o°C\ The inhibition of dumping 
in a zone of lower dilution of the serum may be explained by the following: — 

(i) It is partly due to the presence of a non-specific protective 1 colloid 
which prevents clumping, but is diluted out in higher dilutions. 

(ii) It may also be partly due to the alteration of agglutinins into agglu- 
tinoid bodies which, as already stated, have greater affinities for the bacteria. 
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Ajfjrlutmolds do not promote agglutination and in stronger concentrations, 
i.c., in lower dilutions, they prevent the agglutinins to combine with the bac¬ 
teria. But in higher dilutions, when they are sufficiently diluted, the latter 
(agglutinins) arc effective (Shibley, 1929). 

Estimation of 0 titre: I lie H litre of the serum is measured in the 
manner described above. To estimate the () titre, a special O antigen, i.c., 
alrohohsecl or heatt*d (100T .) suspension, is used and the test is carried out in 
exactly the same wav with the billowing exceptions. The incubation is pro¬ 
longed lor 4 hours, preferably at 5o°C\, and the readings are taken on the 
billowing day, alter keeping the tubes at room temperature overnight. This 
is necessary as () agglutination occurs slowly. Fcr reading the result, a 
hand lens should be used, as agglutination occurs in fine granules. In this 
connection, it should be noted that Felix was able to obtain a strain of K. 
t\phi, known as helix’s strain tjui, which is extremely sensitive to C) agglu¬ 
tinin and remains so in subculture. Standard emulsion of such a strain can 
be obtained from the Oxford laboratory. 

Dreycr’s method is also applicable for the* reverse opeiation, i.c., the 
identification of an unknown organism with a known serum having a high 
agglutinating \alue for that particular organism. This constitutes what is 
known as the Bordct-Durham reaction. For ihis test, the suspected colony 
is subcultured on an agar slope. Twehe to twenty-four hours’ growth is 
taken and is emulsified in 1 per cent, phenol in normal saline, to make a 
suspension of about 1,500 million organisms per cubic centimetre, as judged 
by the opacity method. This emulsion is then tested with the stock agglu¬ 
tinating serum and exactly the same technique, as described for Widal re¬ 
action, is followed. 

SOME SPECIAL TECHNIQUES 

Collection of blood serum for Widal*s test :— 

This is obtained by the following methods: — 

1. By vein puncture :—About 2 e.c. of blood are withdrawn aseptically 
with a sterile record syringe, usually from the median cubital vein. The 
spec imen is placed in a sterile test tube and allowed to coagulate in a slant¬ 
ing position. After sometime, the clot contracts and the serum separates out, 
whic h mav then be removed with a pipette. The contraction may be hasten¬ 
ed either bv rinsing the svringe or the test tube with normal saline and keep¬ 
ing the blood in an incubator. 1 he* separation of clear serum may also be 
hastened by contri legalisation. 

A very convenient method of collecting blood and sending it to distant 
places for examination is by Behring s venule (big. 100 and I" ig*. 101). This 
is a small glass capsule from which air has be en e vacuated, and sealed with a 

rubber stopper. A fine glass tube passes .._;h the stopper, the inner end 

ol which is so arranged as to remain in ol,.. ..ith the rubber stopper. In 
this wav it acts as a valve and prevents tie of air. To its outer end is 

attached a needle which is protected with :: :g glass tube, to be filed off 
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before use. The whole lube is sterile. The needle is introduced into the vein 
and the tube is bent so as to relieve the valve action and blood rushes into the 
capsule by suction. After filling, it is sealed. 


A 



Fig. 100. 

Behring’s venule and the method of eoUeetimr hlood. 
a, before use: h, ready for u**«* <*ect k nal \ ii'« i; c \ahe opened 
in use (sectional viewi; d. venule ready lor despatch. 



1. The glass tube 
is scratched and 
sterile needle i** 
now exposed. 

The ‘-Venule" 
should be held thus 
firmly while expos¬ 
ing the needle and 
P e r f o r m ing the 
puncture, otherwise 
it will open pre¬ 
maturely. 


-. Thus is the 
puncture made into 
the well engorged 
\ ei n, When t he 
needle i> in the 
\ein. blood appear.** 
in the glass tube 
carrying the needle 
(indicator tube). 


Fig. 


a. The valve i** 
opened tine (until 
accustomed to its 
Use both hands mav 
be used). 


101 . 


I. The indicator 
t nix* N filed off and 
1 h e “Venule" is 
now ready lor des¬ 
patch. 


Method of taking blood with Behring’s venule (by kind permission of Bayer-Meister 

Lucius). 


2. By skin pinulnrc :--In this method, the blood is collected in a 
Wright’s capsule which consists oi a plain glass ampoule drawn out at the 
ends into capillary dimensions and sealed. Before use, both the tips arc 
broken, notching first with a file. One of the capillary limbs is bent in the 
form of a semicircle, the broken end of which is dipped into the collection 
of blood. The blood passes into the capsule by capillary action (Fig. 102). 
The success of the method depends on getting a continuous free flow of hlood. 
To ensure this, a band may be applied round the base of the finger in tin- 
form of a tourniquet (great toe in case of infants) and the skin is punctured 
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near tin- nail bed by a <l<ep thrust of the- needle. The same may be obtained 
by press..iff and squeezing the finder above the point of the needle prick. 
'I he needle and the patient’s finger are previously sterilised with rectified 
spirit. When the capsule is three quarters full, the ends are sealed off bv 
heat "if; them in the flame, the straight end beii.fr closed first. When this 
end is cooled, the bent limb may be sealed off without charring- the blood 
In case ol insufficiency of blood, a second capsule may be filled in the same 
manner. I he blood coagulates in the capsule and the serum is allowed to 
separate, if necessary, by centrifugalisalion, using the bent limb for the 
purpose of hanging. I lie capsule is opened by filing and breaking the bent- 
end and the serum is removed by means of a teated capillary pipette. 



Fig. 102. 

Method of collectimr blood in a \Vriirht’> eap>ule. 


'I his is a \cry useful method tor transmitting blood from distant places 
and also for obtaining blood from infants, where vein puncture may not be 
«■< >n venienf. 

Preparation of standard bacillary emulsion for agglutination 
reaction . (Description is given lor the enteric group of organisms): — 

'Hu* baclcria, sav Kbcrtliella t\phi, arc subcultured daily from broth to 
broth, lor a period of 15 days and from the last broth subculture, the 
material is plated on a MacConkcy’s medium, to see if there is any con¬ 
tamination during the procedures. A suitable snioolh colony is selected 
Irom the plate culture and Irom a portion ol the selected colony, an emulsion 
is made with normal saline on a clean glass slide. I he emulsion is then 
tested for agglutination reaction with a stock high litre anti-typhoid serum. 
11 flocculation appears, it indicates that the bacteria have not undergone any 
alteration during subcultures. A 100 e.c. flask oi nutrient broth is then 
inoculated with the remaining portion ol the selected colony and kept in the 
incubator overnight. It is taken out the following day and formalin is 
added to the emulsion, in strength of o’ 1 per cent., the mixture being shaken 
vigorously and repeatedly. The flask is then p..*srrved in the refrigerator 
lor 4 daws, vigorous shaking being applied eae* toi several times. Aftei 

4 days’ cold storage, the flask is taken out a.ntrol is made by inocu¬ 
lating a broth tube with the bacillary emulsion "ie flask, to see whether 

the bacteria have been killed. 11 there is m ’• (sterile), the emulsion 
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is kept in the cold storage or even at tHo room temperature for a month seal¬ 
ing the mouth of the flask with paraffin to prevent evaporation. This process 
is required because, when the organisms are freshly prepared, they may 
exhibit auto-agglutination, but if they are kept for some time, this delect 
is overcome. Finally, the emulsion is standardised, so as to contain 500 to 
1,000 million organisms per c.c., as judged by comparing with the opacity 
tubes; the dilution being carried out with 01 per cent, lormol-salinc. 

A similar procedure is adopted lor other organisms 0! the enteric group. 
When all the emulsions are ready, they are tested for cross-agglutination 
before they can be finally used. For this, three stock antisera ol K. 1 yphi, 
S. paratvphi and S. schottmiilleri are required and on a clean glass slide, each 
of the bacillary emulsions is tested for agglutination reaction with the three 
antisera in succession. It will be observed that flocculation should appear 
only with its specific antiserum, i.e., emulsion of F. typhi should be agglu¬ 
tinated only by anti-typhoid serum but not 1 >\ the others. Similarly, tin- 
emulsion of S. paratyphi and S. schottmiilleri should be agglutinated only 
by their specific antisera. 

Preparation of special 0 antigens: — This is prepared as follows: — 

An eighteen to twenty-four hours’ growth on agar is taken and it is 
necessary that it be of the smooth variety and de\oid of 1\ elements, as iar 
as possible. The culture is washed off, preferably with distilled water, and 
a dense suspension is made, so that it contains 3,500 to 5,500 millions ol 
organisms per c.c. The emulsion is then placed in a sterile measuring 
cylinder and half its volume of absolute alcohol is slow 1\ added, the mixture 
being stirred continuously. The cylinder is plugged and allowed to stand 
for 24 hours at 57°U. The supernatant fluid is decanted otf into a bottle 
and forms the stock O suspension. It is kept without anv preserv at i\e, 
such as formalin or phenol, as it has been lound that the latter usuall\ inhibit 
somatic agglutination to some degree. Before use, it is diluted i:h In- 
adding 5 parts of distilled water and thereby reducing the concentration of 
the alcohol sufficiently to prevent any interference with the test. Another 
method of inhibiting the production of flagella and the corresponding heat- 
labile antigen is to cultivate the organism in a nutrient agar to which 
o’ 1 per cent, phenol has been added. In this way, 11 antigens are eliminated 
and nun-motile O forms arc- produced naturally. But the change from 11 to 
O forms is not abrupt and there are colonies of intermediate antigenii' con¬ 
stitution. Owing to this uncertainty, the artificial () antigens are commonly 
used. In order to exclude the intrusion of these intermediate forms (H 
antigens), it is better to heat the suspension or to treat it with alcohol in the 
way as already described and thus ensure a double safe guard. 

Preparation of agglutinating sera: —For the identification of 
organisms bv agglutination reaction, antisera of high titre are emplovcd. 
These are obtained by immunising animals with living cultures. In the 
laboratory, the animal employed for the purpose is the Before giv¬ 

ing the injections, the serum of the animal should be tested for its aggluti¬ 
nating property with the organism that is to be introduced. It is supposed 
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not to produce any reaction. 1 hree to five intravenous injections (intraperi- 
toneal or subcutaneous injections may also be given) of 24 hours’ broth 
cull lire of a virulent strain of the organism (say Kberthella typlii) are then 
g* vc ‘ n at intervals of 7 days. 1 he initial dose is about o'oi c.e. and the 
successive doses are given at weekly intervals as follows: 01 c.c., 05 c.c. 
and 1 c.e. Seven to ten days after tne last injection, a specimen of blood 
is withdrawn from the ear vein and its titre limit is determined. If it is 
high, i.e., 1 in 20,000 or more, the animal is bled; about 20 c.c. of the blood 
are taken, either from the heart or from the carotid arterv. The blood is 
received in a sterile test tube or flask and the serum is separated after 
allowing it to stand for 24 hours. The serum is pipetted off and distributed 
in 1 cm*, glass ampoules, sealed and preserved in the ice-chest and, in this 
wax, its litre value c an be maintained without any marked deterioration for a 
period of j. to 5 years. Since somatic* agglutination is often interfered with 
b\ the addition of phenol, it is best to preserve it sterile and untreated, or 
mixed with an equal quantity of glycerin. The same technique is adopted 
for other organisms, but when Shiga’s and Flexner’s dysentery bacilli are 
used, they should be diluted 100 times further. The various agglutinating 
sera that are in common use- max be bought from the market. 

HHEMAGGLUTININS 

The phenomenon of agglutination is not peculiar to bacteria. Agglu¬ 
tinins can also lie produced against red blood cells by injecting them into an 
animal of a ditlcrent species, the luemagglutinins so developed having a 
corresponding specificity. When suc h h.emagglutination is observed among 
individuals of the same species, they arc* called iso-hiemagglutinins or iso- 
agglutinins. The discovery of the existenc e of such specific iso-htvmagglu- 
tinins among human beings and also of iso-luemolysins to be described later, 
necessitates the- utmost care for the proper selection of a donor for blood 
transfusion. 'These iso-h;emagglutinins occur naturally, and there exist two 
agglutinins, a and with two agglutinogens, A and B, among human 
beings, the xarious combinations of which have* rendered possible to divide 
them into \ blood groups. For a detailed study of these hemagglutinins, 
speeial references should he* consulted. 

PRECIPITINS 

'Tlu* diseox er\ of precipitins was first noted by Kraus in 1897. These 
substances are closely related to, if not identical with, agglutinins. If a 
e-lear extract (filte red culture*) of bacteria is added to a specific antiserum, a 
precipitate occurs. The substance present in the bacteria-free filtrate is 
called precipitinogen and the reacting* substance present in the serum is 
called the precipitin. The phenomenon of precipitation reaction is intimately 
related to agglutination reae'tion, the onlx difteicnce being that in the former 
the antigen is used in the soluble state, whereas in the latter, it is in suspen¬ 
sion. Like agglutinins, precipitins are specific * antibodies and belong to 

Khrlich’s receptors of the second order. Lik.’hitinins, they also play a 

certain part in the problems of immunity and. rccipitating the infecting 
agent, favour its phagocytosis. 
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Practical application of the precipitation reaction 

I. In bacteriology :— 

1. For the diagnosis of certain diseases sueh as cerebro-spinal fever 

and syphilis (Kahn's reaction). 

2. For the detection of the various types of Diplococeus pneumonia'. 

II. In medico-legal practice :— 

1. For the detection of human blood in stains on clothings and 

weapons. 

2. For the detection of fraud in the manufacture, e.^\, substitution 

of one kind of meat for another. 

III. To zoologists, it provides an assistance in disputed questions of 
animal relationship. 



CHAPTER XV 


COMPLEMENT AND IMMUNE BODIES 

COMPLEMENT: I his is often referred to as “alexin,” hut is not identi¬ 

cal with Buc hner’s “alexin” whirh indicates bactericidal substance of the 
normal mtuiii (vide p. 114 ). 1 he term complement was given by Ehrlich to 

a substance which is present in normal serum and is necessary for the union 
of antigen and its corresponding immune body. It has, however, no affinity 
tor antigen when the* specific* immune body is absent. The complement 
unites with the antigen-antibody complex and produces lvsis or other actions, 
depending on the nature of the* immune body. flu* action of the complement 
is best manifested at 47^ • utid is without any action at o°C. The union of 
the complement with tin* antigen-antibocK complex is a firm one and not at 
all reversible. It is to be- remembered that complement is not an antibody 
and cannot be increased by immunisation; it is entirely non-specific, being 
available at all times lor any immune body and from the serum of any animal. 
The amount of complement, however, varies in different species of animals, 
being present in large amounts in the guinea-pig’s serum. This substance 
is thermolabile, i.e., destroyed by heating at 55°C. for half an hour. Hence, 
a serum which has been heated to the above temperature is said to be 
inactivated, as it is devoid of any complementary action. 


IMMUNE BODIES: —Substances which develop in the serum due to the 
action of an antigen and which require for their demonstration the presence 
of a complement, are designated by the generic name immune bodies or 
intermediate bodies (R. Pfeiffer). These immune bodies are named accord¬ 
ing to the nature of the effects which they produce. 


(i) When they involve the killing of bacteria without any actual lysis, 
thev are refe rred to as bactericidins . 


(ii) When thev lead to the lysis of bacteria, erythrocytes and other cells, 
they are called bacteriolysins, hiemolysins and eytolysins respectively, or 
simple as lytic bodies. 


(iii) When bv their action, there results a disappearance of the comple¬ 
ment from a mixture of antigen, its specific immune bod} and complement, 
without causing anv actual lvsis of the antigen, the\ aic (ailed complement - 
fixing immune bodies. 


(iv) When the immune body, in co-opera..• 
to increased phagocytosis, the term opsonic 
particularly observed with antipneumococcai 
ficial effect, not by extracellular but by h ,k 
within the phagocytes. 


. o ith the complement, leads 
v body is used. This is 
.. which produces its bene- 
• iar lvsis of the bacteria 
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Thus, the above terms are conveniently employed to indicate the property 
of any immune body in question. I liese immune bodies are developed as a 
result of progressive inoculation by living, attenuated or killed microbes, as 
well as, by any other foreign proteins. The immune sera so developed are 
called antibacterial sera. Such immune bodies are not produced in animals 
immediately upon inoculation, but take some time belore they can be recog¬ 
nised in the blood. Once developed, however, they persist for a long time 
and even if thev disappear from the blood serum, a slight stimulus, produced 
by the infection of the specific organism or introduction of a homologous 
protein, will result in their reappearance in abundance in the inoculated 
animal. When the immune body combines with its specific antigen, the 
latter is said to be sensitised; hence Bordet referred to an immune body as a 
sensitiser or a substance sensibihsatrice, a name which is still used by the 
French workers. The union between an antigen and its specific immune 
bodv takes place best at 37°C\, but may also occur at a low temperature 
(just over o°C\). Once united, the combination is fairly stable. Of the 
other properties of immune bodies, the following are the two most important 
ones:— 

(j) Specificity, i.e., thev are elaborated onlv in response to a particular 
antigen and will act on that antigen only. 

(ii) 1 'hermostabilit y, i.e., they are resistant to heating at 55A but may 
be destroyed at 7o°C. 

Unity or multiplicity of complement : — A keen controversy was held 
for several vears and enquiries were carried out to determine whether the 
complement was one single substance or whether there were many different 
complements for different kinds of immune bodies. There are two rival views. 
On one side, Ehrlich, assisted be Morgenroth, favours the view o! multiplicity 
of complement and on the other side, Bordet maintains the views of unitv of 
complement. The data so far available points to the unitv of complement, 
i.e., one and the same kind of complement is concerned in the various actions 
of the immune bodies. 

On the nature of the union of complement and immune body: 

Here again there art* two views, one advocated by Ehrlich and the other by 
Bordet. 

EHRLICH'S VIE IF (Fig. 103):— He considers these immune bodies 
as his receptors of the third order having two combining arms. The one 
which combines with the complement is (‘ailed the com plementophilic arm 
and the other which combines with bacteria or other cells, i.e., antigen- 
containing cell, is called the cytophilic arm. It is for this reason that the name 
amboceptor was given by Ehrlich (Ambo —both; capin— I seize). Comple¬ 
ment, according to him, may be represented as possessing a haptophore 
group which enables it to combine with one arm of tin* immune* body (ambo¬ 
ceptor) and a zymophore group by which it produces its toxic action on the 
antigen. Thus, Ehrlich considers that the immune body acts as a connect¬ 
ing link between its specific antigen and the complement and it is through 
this intermediary that the complement can exert its toxic action. 




Fig. 103. 

, - l,rl "' h '' «" com piemen t with the antigen. 

A diairrammutic nnrc-cntitt ion.) 

li( > l\ I) l\ I S I Ih II (l*i^. 104):- Bordet however denies that the com- 
])lenu*nt ever unites with the immune body as sueh. He regards that the 
union between the immune bnd\ and its sperifie antigen is an adsorption 
l )rtM( ss, resulting in s,»me alteration oj the physical conditions of the sur- 
laie. When the antigen has eomhined with its sperifie antibody, it is said 
t< be sensitised and henei , the immune b<»d\ is referred bv him as a sctisilisrr 
or \nh\hniir snu 1 l>ih\ t i! rn r. 1 he complement, in his view, does not unite 
with the sensitiser but acts directl\ on the antigen which has been altered 
h\ union with the immune bod\. 



a 




Fig. 104. 

Horde*?’- 1 e\\ about 1 >u i union of complement tc). sub¬ 

stance* -ru-ibil 1-at ncc <S.S. and the antitron »bacterium 
|{ a. tlnve -lit.stance.** arc* separate: b. sensitisation oF 
tile bacterium . e. union of complement with the* sensitised * 
huctcnum: d. lysis of bacteria. 
iA diairrainmatic representation.! 


Nature of complement .*—The ehemieal st rueture ol the complement 
I s * not delinitelv known but there is evidence to show that it is a complex 
bcxlv and ran be split up into several fractions, all ol which are responsible 
b>r the complementary action. 


Deviation of complement (Xchser-iVechsherg phenomenon):— 

Wiss.T and Wcchsbcrg (mol) showed that in . .u'idal experiments with 

a suspension of bacteria, immune body and ..lent, a great excess 

of the immune bodv hinders rather than helps •- • -dal action. It may be 
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regarded as a zone phenomenon, analogous to what is seen in the agglutina¬ 
tion reaction. 

Fixation or absorption of complement (Bonlel’Cn'ngou pheno¬ 
menon ):—Bordet and (iengou, in icjoi, demonstrated that many antigens, 
in the presence of tl>eir specific immune bodies, are able to remove the 
complementing property from sera in vitro. Such alteration in the quality 
of a serum has been ascribed to the using up of the complement by the anti¬ 
gen-antibody complex, 'flu* complement is thus said to be absorbed or 
fixed to the sensitised antigen. As the fixation or absorption of the comple¬ 
ment cannot be detected by the naked eye, it has been found necessary to 
use an indicator in the form of sensitised red cells (red cell and luemolytic 
immune body). flu* experiment is carried out as follows: — 

An emulsion of Pasteurella pestis (antigen) is mixed with antiplague 
serum (specific immune body) which lias been heated to 55°C. for halt an 
hour to destroy its complement. To such a mixture, complement is added. 
After incubation at 37°(\ for one hour, the indicator, i.e., either the sensi¬ 
tised red cells or the red ('ells and inactivated h.emohtic serum, is added and 




Fig. 105. 

Diagrammatic representation of the complement-fixation test, in tlie 
Bordet-tieiigou reaction, as conceived by Khrlich. 

A, fixation of complement in t.he presence of specific antigen and 
antibody; B, complement, is free showing that antigen and antibody 
are non-specific. 

the whole series again incubated for i hour at 37°C. In this case, no 
haemolysis will take place showing that all the complement has been used 
up by the bacterium-sensitiser complex and none is left free to combine with 
the sensitised red cells to cause haemolysis (Fig. 105A). This experiment 
proves that when the antigen and antibody are homologous, the complement 
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can Ik- fixed. I he <<>nverse of tins ran be shown by using either another 
organism, say cholera vibrio, instead of ]‘. pestis, or another serum, say 
ant.-typh.nd scrum, mstead of anti-plague serum. In both these cases, com¬ 
plement remains tree and is able to combine with the sensitised red cells to 
cause luemolysis (Fig. 105B). Thus the oc.urreiice of luemolysis will 
demonstrate that the antigen and antibody are not homologous and specific. 
This may be summarised in the* following table:_ 


/) nti gen 
Immune hotly 

('omplcmcnt 

Result 


A. 

Emulsion of P. 
pestis 

Plague immune 
serum heated 
b» 55 ( . 

Fresh normal 
serum 

1 ncuhated for i 

Complement 

fixed 


B. 

Kmulsion o f 
Vibrio eonima 

Plague immune 
serum heated 
to 55°V. 

Fresh normal 
serum 

hour uf gj c ('. 

Complement 
f ree 


c. 

Emulsion of P. 
pestis 

Antityphoid se¬ 
rum heated to 
55°C\ 

Fresh normal 
serum 

Complement 

free 


/ iidicutnr (sensitised reti eells) is non 1 titilled io . 1 , H nnd l ’ and nil are 
incubated at gjd'. 


Final res id I 


NO h.'emolysis Ihemolysis H?emolvsis 


I SE OF THE ('OMFLFMEXT FIXATIOX TEST:— 

1. In determine the presence ol the antigen when the specific antibody 
is know n. 

2. To determine the presence of the antibody when the specific antigen 
is known. This is the rationale of W'asscrmann's reaction. 

Lytic phenomena: — To demonstrate the phenomenon of lysis, three 
things are necessary, such as (i) Antigen, (ii) Specific antibody and (iii) Co m- 
plemenl. Of the various lytic phenomena, the two most important ones are 
bacteriolysis and luemolysis. 

Pfeiffer 9 S reaction: —This is a phenomenon of bacteriolysis in vivo and 
is chiefly used for the identification of cholera vibrio. The reaction ('an be 
demonstrated in two ways: — 

(a) A guinea-pig is first immunised with successive inoculations of 
highlv virulent cholera vibrio, after which it receives into its peritoneal cavity 
5 to io times the ordinary fatal dose of an emulsion of cholera vibrio. 

or (b) A like dose of cholera vibrio mixed with an excess of anticholcra 
serum obtained from an immunised rabbit is injected intraperitoneally into a 
normal guinea-pig. 

In either case, from time to time some of ‘ “ntoneal fluid is removed 
with a pipette through a skin incision and c d under a microscope. 

Pfeiffer noted striking morphological chant** - "Ocularly swelling and 
granular degeneration of bacteria with their c *'d disintegration. Ihe 

injected bacteria become gradually smaller an. *cr and finally undergo 

solution, like a lump of sugar in water, as de- *w Pfeiffer. 
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HYPERSENSITIVENESS 

(Anaphylaxis , allergy , idiosyncrasy and serum sickness.) 

This term is applied to the condition of increased susceptibility o! animals 
to substances of the nature of foreign proteins introduced into their bodies. 
Such hvpersensitiveness may be inherited or acquired by bacterial inlection, 
as well as, bv parenteral introduction of foreign proteins. Thus, the condi¬ 
tion may be discussed as follows: — 

I. Induced or acquired —Under this group are included anaph\la\is 
and allergy. 

(a) Anaphylaxis —'This term is applied to a condition of 

hvpersensitiveness which is induced by the previous introduc¬ 
tion of a foreign protein. This may again be general and 
local. 

(1) UEXERAL AXALUYLAXIS t which may be (i) active 
and (ii) passive. 

(2) LOCAL .1 AM PH Y LAX IS OK ARTUCS PIIEXO- 
MENOX. 

(b) Allergy —This term is applied to the condition of hyper¬ 

sensitiveness which is induced by bacterial injection. 

II. Natural — Under this group are included idiosyncrasies and serum 

sickness. 

(a) Idiosyncrasy or Atopy (atopia - a strange disease) — Such 

a reaction may express itself chiefly (i) in the respirator} 
system, c.g., asthma, vasomotor rhinitis, hay fever, recurrent 
catarrhs; (ii) by skin rashes; (iii) In effusion into joints; and 
(iv) in the alimentary c anal by diarrhcea and vomiting. 

(b) Serum sickness. 

ANAPHYLAXIS 

So long it has been discussed that an animal usually becomes more* and 
more tolerant to injections of an antigen which may be toxins or any foreign 
proteins, resulting in the development of immunity. While such is the* usual 
rule, sometimes, however, the exac tly opposite effect is produced and, instead 
of tolerance, there is increased sensitiveness to it. One may frequently hear 
about it in his student-life Irom his respective physic ians and surgeons and 
will himsell dread of its occurrence when he will want to administer serum in 
his professional career, either for prophylaxis or for c urative purposes. And 
if he is not on the alert on this point, sometimes, he may have to suffer. 



anaphylaxis 
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In actual life, one- may have ,<> inject antitoxic sera in a patient who had 
previously reee.vcd serum injections for some other reasons. In some of 
these cases, alter K'vmg the injection, either knowing or unknowingly, 
dangerous and very alarming symptoms develop. These svmptoms are wry 
sudd«-n m onset and may be manifested by extreme distress, dyspnoea, 
cyanosis, .edema, collapse, respiratory failure and sometimes, even* convul¬ 
sion. Death may follow very rapidly. The same thing- had been noticed 
during activr immunisation of animals against diphtheria and tetanus toxins, 
in the earlier (lays of immunology. To such a condition, the term 
anaphylaxis was applied by Rirhet in iijoj (ana, without; phylaxis, protec¬ 
tion), as opposed to prophylaxis It should, however, be remembered that 
sudden death after the injection of an anti-serum is extremely rare in actual 
practice, although reac tions of various grades and intensity mav occur after 
such injections. 


Scnsitisation of animals to foreign proteins varies greatly. The guinea- 
pig* h«irse and goat are readilx sensitised; the rabbit, dog- and probably man 
are \cry slightly susceptible, while the mouse is still less so, and the rat is 
almost completely retractile. It is for these reasons that experiments on 
anaplnlaxis are mosth carried out on guinea-pigs. 


Mechanism: —For ail anaphylactic shock to appear in an animal, the 
latter must be previously sensitised . Phis is usually done, in practice, by 
injecting some foreign protein into the tissues of the animal. Then a second 
injection of the same protein, after ro days, will produce the typical symptoms 
which will vary with different species of animals employed for the experiment. 
Thus, in a guinea-pig, the most marked effect is on the respiration which 
becomes embarassed and slowed and the animal may die of asphyxia, a 
condition which results from the spasm of the bronchial muscles. In rabbits 
and dogs, there is absence of dyspmea, the outstanding- feature being a 
marked fall of blood pressure. Although these symptoms may vary from 
animal to animal, thev are remarkably constant for a particular animal, no 
matter by what antigen the condition is produced. Horse scrum, milk, egg 
albumen or other antigens, when injected into a guinea-pig, will cause pre¬ 
cisely the same svmptoms, but their eflect on the rabbit and dog will be 
entirely different. This is due to the varying susceptibility of different tissues 
in different animals. 

The foreign protein or similar body (antigen) which, primarily injected 
into an animal, makes it sensitised to it, is called the sensitising dose , and 
the antigen is called the anaphylactogen. This is usually a soluble protein 
and, b\ itself, is non-toxic to the animal, l/sually about 7 to 10 days must 
elapse before the animal is fully sensitised. If a second injection is made 
during tins period, no untoward effect is produced. Fhis period, during 
v' hit'll further injection of the antigen does not produce anv effect, is called 
the incubation period . If, after the lapse of this period (10 days), a second 

injection is given, svmptoms of anaphylactic' - may be produced. I he 

injected material which gives rise to the prodi.t the anaphylactic shock 

is known as the assaulting dose f the toxogenu -r the reacting dose. 
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Sensitisation :— 

QUALITATIVE: All anaphylaetogens arc good antigens which ran hr 
weakened or destroyed hv the same physical, chemical and fermenting re¬ 
agents as any other harterial antigens. They must he foreign to the circu¬ 
lating blood of the animal. Globulins and vegetable proteins are good 
an aphv lactogens. 

Ql’AXTITATI VE: The amount of protein recpiired to sensitise an 
animal may he incredibly small. For a guinea-pig, it may he o oi to o* i r.r. 
In this connection, it should he noted that larger doses, specially if repeated, 
protect the animal for weeks from the assaulting dose; this is (‘ailed the 
refractory state. The serum of the animal, in the rcfractorv state, has an 
abundant supply of antibodies and is thus suitable for passive sensitisation. 
When the retractile animal receives the assaulting dose, the latter finds 
enough antibody in the serum to combine with, and in this way the sensitive 
tissues are prevented from combining with the anaphylaetogens. 

TIME FA (Id R: With the standard dose of ooi to o* i e.e. of foreign 
protein, the guinea-pig begins to be sensitised in S da\s and the maximum 
is reached iti about } weeks. Thereafter it declines but remains sufficientIv 
high for six months. Some degree of sensitiveness is probabls permanent. 
Larger sensitising doses prolong the incubation period. 

Pathology: — The essential pathological process consists in the aoitnn- 
tion of the plain muscles and dilatation of the mpillarics. I he c hanges in the 
different organs are as follows: — 

LI A(/.S; Owing to a spasmodic contraction <»f the* unstriped muse les oj 
bronchioles, their lumen is narrowed and eonsc(juentl\ air cannot escape 
through the constricted bronchi. Lor this reason, the organs are found 
voluminous and distended with air. 1 lies are pale in colour, emph\sematcuis 
and bulge forward over the heart. This condition of the lung is called acute 
vesicular emphysema . The mucous and submucous layers of the bronc hioles 
are considerably swollen owing to marked \aso-motor turgescenre and this 
also adds to a further constriction of the tubes. Thus, the entire c hange 
in the lungs is due to hrtoichomofor spasm and vasn-nudor tiniest ern e, 
the result of excessive \agal activity. 

LIVER: A very important reaction takes place inside the liver. Owing 
to the spasm of the musc ular coat of the hepatic veins, there is considerable 
obstruction to the flow of blood from inside the liver into the Vena cava. 

I his results in an intense congestion of the liver and a rise in blood pressure 
in the splanchnic area and a consequent depletion of the svstemie circulation. 
Ibis gives a very characteristic post mortem appearance. The liver is 
swollen and cyanotic and the splanchnic viscera are all congested, with 
subserous and submucous luemorrhages in the intestines. 

BLOOD: Owing to the tremendous dilatation of the splanc hnic vessels, 
there is a great fall of blood pressure. Diminution or loss of coagulability 
and pronounced leucopenia are the two important blood c hanges. There mav 
be eosinophilia, a reaction which has been supposed to deal with foreign 
proteins, whether in the skin, bowels or bronchi. 
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As a,n a(, - v nl( n,ion ‘ fl ’ *•'*•«' ‘-hanfft-s vary with different animals in which 
anaphylactic react..... .s produced. Thus in R uinea-pi^s, the most important 
change occurs m the Iiiurs, whereas in the rabbit and do R , the chief change 
,h a tfreat accumulation of blood in the venous system with enlargement of 
the liver. 

Desensitisation or anti-anaphylaxis T'his may be produced in the 

following wavs: — 

(i) After rerovery from an anaphylac tic shock. 

(ill By K r| '"'k r tlx second injection within the latent period, i.e., within 

10 days after the sensitising dose. 

(in) I emporarily, by drills such as atropine and adrenaline. 

(i\ ) My the injection of graduated increasing doses. This is usually done 
in practice and is carried out as follows: — 

Mctlt'ui : A test lor suspected susceptibilitv should first be made. this 
ma\ be done by inje« ting o r c.c. of the serum to be used, ininttlcniwllv , into 
the patient. If no effect follows within half an hour, the patient is not sensi- 
tbe. It howtver, a red, urticarial wheal develops at the site of the inocula¬ 
tion within this period, the patient mav be considered sensitive. Desensitisa- 
tnin is then • arned <»ut by repeatedly injecting subcutaneously 0*5 tr> 1 e.c. 
of tht scrum and gradually increasing the closes, at intervals of s t ( > 10 
minutes. In this way, a large amount of serum may be given in a rompara- 

11 \ tly short period, without producing symptoms of anaphvlactic shock. 

When several injections of serum are to be given to a patient 
and a long time is likel\ to be necessary for tin* completion ot the tieatment, 
the anaphylactic symptoms may be avoided by giving the serum injections at 
the mterwals of not more than a week, preferably less, so as to increase the 
refractory state. 1 his very important for the treatment of diphtheria and 
tet anus. 

Theories as to the causation of anaphylactic shock: —When an 
antigen is injected, the sensitising dose appears to produce some antibody 
(uiM/d/v/m tin), the nature of which has been shown by various workers to 
, orrespond 1 losclv with precipitins. When the second dose is injected, it 
combines with the antibody which has been formed as a response to the first 
injection. As a result of this combination, there develops either a toxic 
product or some alteration in the tissue elements, which sets up a violent 
reaction in the cells, giving rise to the production ol the anaphylactic shock. 
The substance which produces the anaphylactic shock is termed upotoxin by r 
Riche! and mniphylnloxin by Fricdberger and, according* to the modern con¬ 
ception, it is supposed to be hisUnnine or a substance >ery similai to it. 

It is, therefore, an expression of an antigen-antibody reaction which 
bears the character of strict specificity and is demonstrable only in the living 
tissue. The actual site of reaction may be either in the circulating blood or 
in tlu- tissues and, accordingly, two chief views have been put forward, the 
former is called the humoral theory and the la.he cellular theory. 
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Humoral theory:— 

ANAPHYLATOX 1 X THEORY OF ER 1 EDBERCER: -The union 
between the antigen and the antibody in the circulating blood o! an animal, is 
followed bv the liberation of a ferment which splits off from it one or more 
of the poisonous produets of protein decomposition. According to him, 
anaphylatoxin is set free as the result of proteolysis and it is this toxic 
protein-cleavage product which is responsible for the development of 
anaphylactic phenomenon. 1'here are many fallacies about this theory and 
it is very difficult to explain such a widespread change produced b\ an incre¬ 
dibly small amount of the* toxin. Moreover, a ferment action with resulting 
proteolysis cannot proceed with the explosive rapidity necessary to account 
for the instantaneous development of the effects. 

BORDET'S THEORY :—The union of the antibodv and the antigen 
creates a complex which, by absorption, monopolises certain principles in the 
blood plasma which then becomes toxic. 

Cellular theory: —There are various facts which tend to show that the 
humoral theory cannot be tumble. The arguments against the Immoral 
theory are: — 

(i) An animal may give an anaphv lactic reaction when its blood dors 
not contain any antibody, thereby disproving that antigen cannot react with¬ 
out its specific antibody in the circulating blood. 

(ii) Blood of an animal in acute- anaphv laxis is non-toxic and thus lads 
to demonstrate the presence of a toxin which is supposed to be formed b\ 
the union of the antigen and the antibodv in tin- blood. 

(iii) An animal may fail to develop anv anaphv lactic shock when its blood 
contains an abundant supply of antibodv, as happens in the refractor's state 
of the animal. Had a toxin been formed bv the antigen-antibods union in 
the circulating blood, one would expect a \iolent reaction. Tlie serum of the 
retractile animal, however, when injected into a normal animal, passivclv 
sensitises the latter. The above lads show sets elcarlv the protective func¬ 
tion of the circulating antibody. 

(iv) In passive anaphylaxis, the assaulting dost annot produce the 11- 
action immediately but a certain time elapses before the tissues become 
sensitised to the injected antibodies. During this time, most of the anti¬ 
body has disappeared from the blood stream. This elcarlv suggests that it 
is the fixed, and not the circulatini*, antibodies that are concerned in tlu¬ 
re act ion. 

(v) Replacement experiments in animals in which the blood of the 
sensitised animal is replaced by saline or normal blood, leaves the animal still 
anaphylactic. I his shows that it is the sensitiveness of the tissues which is 
responsible for the anaphylactic reaction. 

(vi) Specific hypersensitiveness may be demonstrated in plain muscles, 
such as the intestines (Schultz) or the uterus (Dale), excised from a sensitised 
animal and suspended in Ringer’s solution. 



I.KWIS’S HISTAMINE HYPOTHESIS 


Ilms, all Hit- iibovi- la. Is prove that the anti^en- 
<«'■ <•» the veils of the tissues. The c|ues.ion now 
may brm^ about the anaphylactic reactions. 


antibody union occurs 
arises, how the union 
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Fig. 106 . 

i Nu.-l rat i m: Lewis's hi«t .iiinno hypothesis- of anaphylaxis. 

imI stiiMance: 1.. coll ami the sen-it i.-ing antigen - c, forraa- 
t "»n **l annlioilv mi tin- -ell '-on-it i-al ion ot tin* celUi : m. soiiMti-od cells and the 
reacting antigen: <>, nnioi f antigen anaph.vlactogen and antibody (anapliylaetin) 
on the cel 1 damage- the -t •turc a-s -lmwn h> the Hearing of areas; f. a> a result of 
sueh injury, the H sidi-ta i- liberated into the circulation, producing the anaphy¬ 
lactic shock. 

LOU IS'S H1STIM1XE in I’OTHESIS (Fijr. ,of>): — Working on the 
responses ol the blood xcssrls ol the human skin, Lewis has brought forward 
exidemes in show that the cause of the capillary reaction in skin irritation 
is due to the liberation ol a prctoniiai substance present in the living 
epidermal cells as the result ol tissue injury. This substance whit'll he refers 
to as the H-substancc, is considered to he either histamine or a complex of 
similar arti\it\ and is responsible lor the reaction. The noimal tissue cells 
contain this prelormed substance in \ arsing amounts, which is discharged 
into the blood stream whenever there is any tissue injury. The action of 
this substance will be greatest on those cells w hit'll are sensitive to histamine. 
In anaphx lactic reaction, the tissue injury is supposed to be due to the union 
ol the antigen with the antibody inside their substance or on their surface 
!a\ crs. As a result til this, the preformed histamine is liberated into the cir- 
t illation which acts with the greatest intensity on the histamine-sensitive 
cells, producing the typical reaction of anaphylactic shock. Unless the 
antigen-antibody union takes place* in the tissip' be no injury and 

hence no anaphylactic shock. It is in this wax.c refractorx state of the 

animal can be explained, because owinj*’ to th<- • e of a latg’e amount of 
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antibody in the circulating blood, llu* tissue antibodies are prevented fioin 
uniting with the antigen and llicrelore no injury to the tissue cells, no 
liberation of histamine and no anaphylactic shock occur. (Hg. *07). 



Fig. 107. 

Diagram il!u-t rating t lir irf rartory '•fate of tin* annual, 
a. shows an excess of ant i l>c»«i it— on the <*ell ami in its Miruimidinv: fluid-: 
h. the inject ion of rcactintr do-o produce- no -hock hecau-c all the antureii- 
are fixed lip hy tin* nmilatnur antihodic- a'.'d m-iir can unite with tho-e 

oil the cell. 

Passive anaphylaxis: —I hi*- denotes that the ;e ■pined ->tis( « pi ibilit \ 
can be conveyed bv injecting th< scrum of 11 u a«tivelv sensitised animal 
into another normal animal. W hen the latter gets the assaulting; d<»s<‘ the 
symptoms of anaplix laetie shot k develop alter a latent period ol j t«> j.j hours. 
This condition usuallx disappears in a few weeks’ time, as opposed to active 
anaphylaxis whit'll persists much longer. It has also been demonstrated 
that the anaphylactic state can he transit ned In an anaplix lactic mother to 
her offsprings and such a sensitiveness max last lor some lime altei biith. 

Local anaphylaxis—Arthus phenomenon ( 11 ) 03 ):—it a rablm 

receives several injections ol serum at intervals ol some dux s, then another 
injection causes an (edematous mass, an aseptic ahsi css or an art a ol 
necrosis, at the site of the new inoculation, wh’uh max he tar removed Irom 
the region of the precious injections. 

ALLERGY 

This denotes a specific inflammatorv 1 eat lion produced in intected 
animals by toxins of the infc< ting bacterium or- other parasite, which, in 
normal animals, are relatively without anv elicit. It should he definitely 
noted that the most important criterion lor allergv to develop is the c \istenee 
of a previous injection, whether Intent nr i //in/. for instance, when a person 
is perfectly free from tuberculous infection and from which he never suffered 
at any time in his life, he cannot show anv allergic manifestation, il tuberculin 
is injected into his tissues. On the other hand, il a person had once suffered 
from a tuberculous infection and his tissues had thus been sensitised to the 
toxins of the Mxcobacterium tuberculosis, the introduction of tuberculin into 
bis body will be attended with allergic reactions. Similarly, only those 
animals which are actually infected with IT. mallei will respond to tin- 
injection of the toxin prepared from tin organism while those which are free 


allergy 


from infection, will never show any rear,ion whatsoever. Hence, mallein 
n ac .on .s considered ,o be an allergic phenomenon. Other examples of 
similar reactions are typho.dm (in typhoid lever), luetin (syphilis) and Casoni’s 
(hydatid disease) reactions. 


Pathology of allergic reaction:— In the early stage, there is 
essentially an acute inflammation, with marked vascular dilatation, oedema 
and exudation of red blood cells and polymorphonuclear leucocytes. With the 
progress of the reaction, such inflammation mav go on to necrosis and 
sloughing, followed by rapid healing. 


It one compares thi- lesion of local anaphylaxis with that of allergic rc- 
u< tion, he will find marked differences between the two. Intracutaneous 
injection of the specific- antigen in the sensitised animal produces, in the early 
stage, a rapidly developing oedema, suggesting a vaso-motor effect. 
1 hus, it seems that allergic reaction is a fierce and frightened attempt 
on the part of the tissue cells to counteract the injurious effects of the poison 
of which the former appear to have a previous experience. It is therefore 
essentially protec tive in nature. During a primary infection, the toxins of 
the infecting organism circulate in the* system and thereby sensitise everv cell 
of the individual. I his sensitisation remains, more or less, as a permanent 
condition, conferring on the cells an exceedingly large amount of alertness 
to the* same poison. This persists for years, even when the infection is over 
a long time ago. Possessed with such acute alacrity, the cells act at once 
when they meet with the same type of poison and the sum total of such a 
response is manifested as the allergic' reaction. 


Relation of allergy to immunity :—Although allergy differs definitely 
from anaphylaxis, it is certainly an expression of immunity. It has been 
found that animals previously infected with Mycobacterium tuberculosis 
and showing allergic- reaction arc more resistant to subsequent infections than 
normal animals, I his is because, along with the allergic' manifestation, the 
infec ted animal has, pari passu, developed some degree of immunity against 
the infecting agent. In the human beings, when the allergic state is either 
absent or has disappeared, as often happens after measles, influenza and 
other debilitating diseases, it is attended with a high degree of susceptibility 
to tuberculosis. 


Although allergv and anaphylaxis are very nearly related to each other, 
yet one is not synonymous with the other. 1 here are definite and well marked 
differences between the two. I hesc are as follows. 


(1) The allergic reaction is usually not so severe. 

(2) If tuberculin is injected intravenously into a sensitive (tuberculous) 
guinea-pig, no anaphylactic shock or similar symptoms arc produced. 

( 3 ) Passive transference of allergic sensitixeness from one individual to 
another is not successful. 

(4) Unlike anaphylaxis, the allergic reac.:.not be desensitised. 
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(5) The intracutaneous reac tion to tuberculin is very different, both in 
character and also in the rate of development, from the immediate shin re¬ 
action seen in local anaphylaxis. The former is due to an inflammatory 
reaction whilst the* latter is el lie to local vasomotor disturbances. 

IDIOSYNCRASY 

It has been remarked by Motley Roberts that “ immunity is assimila¬ 
tion.” To some foreign proteins, the* cells of our bodv arc* naturally immune, 
i.c., our bodv cells can assimilate them automatic ally ; to others, the* ca lls 
acquire immunitv, i.e., they learn to assimilate* them. But to some* foreign 
proteins, immunitv is neither congenital nor acquired and, as the tissue ca lls 
cannot assimilate them, they continue to resent their presence. Such arc the 
substances which are responsible* for exciting idiosyncrasy in varying decrees. 
It has been mentioned by some that it is the* last stand of the* rac e* against 
adulteration of its protoplasm. The salient feature of tin* idiosyncrasy may 
be regarded as a fierce* and frightened attempt on the* part of tin* cell to 
preserve its chemical identity (Langdon Brown). 

The characteristic symptom-complex <>! idiosyncrasies, whic h is dc\eloped 
in the individual may be* manifested in the* various systems as already men¬ 
tioned. The react ing substances gain arc'css to the tissues by some particular 
route, either bv inhalation or by ingestion, upon which depends the 
manifestation. The substances whic h evoke* this response* may be of a varied 
nature, such as various food materials (food idiosyncrasies), chemical com¬ 
pounds (drug idiosvncrasies), pollens, horse* dander, cutaneous debris of 
other animals and so on. In this connection, it should be* remembered 
that these idiosyncrasies are* expressions of excessive activitv of the 
parasympathetic system (vagal activity l with a relative* insufficiency of the 
svmpathetic system, along which there* is also a certain amount of endocrine 
imbalance. Drills, sue h as atropine*, which paralyse the pai asy mpat Ire t u 
system and others, suc h as adrenaline and ephedrine , whic h stimulate the 
sympathetic' svstem, are* known to produce* beneficial results in these 
conditions. 

SERUM SICKNESS 

This ty pe* of hv persensit ivem ss is observed in some* pe rsons afte r’ the* 
therapeutic' injection of antisera. In most cases it appears after the primary 
injection and in this way it differs from anaphvlaxis. I he svmptoms usuallv 
develop after an incubation period of S to 1 _* davs and consist of a mild 
pyrexia, urticarial rash, swelling in the joints, albuminuria with or without 
oedema and enlargement of the* neighbouring lvmpfi glands, The* condition 
is variable in its duration and disappears completely. Fatal results are verv 
rare. The reaction is of greater incidence in those individuals who receive 
a large dose of the serum intravenouslv than in those who ree'eive a small 
dose or by some other routes. It is for these reasons that the use* of con¬ 
centrated sera has greatly reduced its ine'idence. I hough scrum sic kne ss 
differs from anaphylaxis, the* mec hanism is more or less the* same. Fore ign 
protein that has been injected remains in the circulation for a muc h longe*r 
period and thus reacts with the antibody it has evoked, producing the 
characteristic reaction. 1 hus, it appears to be in close relation with othe*r 
antigen-antibody reactions and so with anaphylaxis. 
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SCHEME TO BE FOLLOWED IN THE STUDY OF 
AN INDIVIDUAL BACTERIUM 


Historical: 

Habitat: 

Morphology :— 

Slut pi'. 

Size. 

. I n il ngt ment . 

( tl pS Illl 'S . 

1 ui'nluli'iii iunits. 


Spares. 

Flagella. 

Motility. 

Plconiorphism. 


Staining reactions :— 

Ordinary aniline stains. 

(irani's stain. 

Acid-fast slain. 

Special stains—far capsules, spores , flagella anil mclachromalic granules. 

Cultural characters :— 

Biology Temperature \ ow^cn requirements. 

Reaction ot the medium. 

(' ult real ion ( )rdinary media—Ajjar, Broth. 

Special media. 

Biochemical reactions :— 

Sugar reactions, Lilians milk, Indol formation, Gelatin liquefaction, etc. 
Metabolic activities — ILcmolysis, pigment production, power of 

reduction, etc. 

Toxin formation: 

Serological reactions :— 

-1 gglutination reaction. 

Precipitin reaction. 

Coni piemen t-fixation test. 

Varieties: 

Animal inoculation :— 

Susceptible laboratory animals and the . cteristic reaction produced. 



ig8 SCHEME OF STUDY 

Pathogenicity :— 

In animals . 

In human beings. 

Source of the organism—Carrier. 

Mode of infection iV Portal of entry 
Pathogenic lesions. 

Therapeutic consideration :— 

.S ’pecific meas u res— 

Passive immunity— Scrum, Bacteriophage. 
Active immunity—Vaccine, Antivirus, Bilivii 

Non-specific measures — 

Non-specific protein therapy. 

Chemotherapy. 

Prophylaxis : 

Isolation of the organism: 

Laboratory diagnosis :— 

Collect'um of materials. 

Methods of diagnosis. 


'cine. 
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PYOGENIC BACTERIA 

Tlu-s.- arc mirn,-organisms whirl, arc capable of causing suppuration. 
For practical purposes, these may he classified into two main groups. 

I. Higher bacteria (Chlamydobacteria):— 

Act inoirm vs hov is. 

Actinium res madune. 

II. Lower bacteria :— 

.1. cot'Cl. 

(1 ram-pnsitice 1 neei. Gram-negative cocci. 

Staph\lococcux. Neisseria gonorrhaut (Gonococcus). 

St reptocoi ms. Neisseria meningitidis (Meningo- 

IO('(Tls). 

Diplororrus pneumonia* (Pneumo- Neisseria catarrlnilis (M. catarrha- 

corrus). lis). 

Gatfkya tetragena (M. telragenus). 

B. BACILLI. 

(iram-pnsitrce Inmlh. (Irum-negative bacilli. 

(_ orynebactrrium arm s (B. arm-). Escherichia group (Colon group of 

bacilli). 

Cherthella typhi (B. typhosus). 
ITcitTerella mallei (B. mallei). 
Klebsiella pneumonia* (Friedlan- 
der’s pneumobacillus). 
Pseudomonas aeruginosa (B. pyocy- 
aneus). 

Proteus vulgaris (B. protcus). 

How pus forms: —W hen these bacteria infect the tissues, they start 
an inllammatorv process as a result of which, there is always a progressive 
emigration of leiicocvtes, followed b\ tlu death and liquefaction of many of 
them, as well a^ o! sonic of the tissue cells. The result is the production of a 
creamy opaque fluid which is commonly (ailed pits. The dead and the 
degenerated leucocytes are called pits cells. 'Unis the microscopic appear¬ 
ance of pas is a suspension of dead leucocytes in a thick fluid. 

Examination of a specimen of pus 

1. Direct smear examination: — lake a loopful of the material and 
make some uniform smears. When dry, fix them on the flame and stain as 
follow s: — 

(a) Stain with ordinary carbol-meihylcne blue for 2 minutes. Wash 
under tin* tap water and drv. Examine under the oil immersion lens. The 
nuclei of the pus cells and the bacteria will be* stained blue. 

(b) lake another smear and stain by Gram's method. Idle nuclei of the 
pus cells are always stained red and the bacteria will be either Gram-positive 

or G ram-negat ivc. 

2. Cultural examination: —Always verify the result of the direct smear 
examination by cultural methods. Inoculate into nutrient broth, agar and 
blood agar; incubate for 24 hours and exairme as usual. 

Note: _ It is always advisable to mm • • direct smear examination of 

a sample of pus before a cultural examina: undertaken. Ihis will con¬ 

siderably help to decide as to the method .. -ation and the nature of the 
cult lire media to be used. 
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ACTINOMYCES OR RAY FUNGUS 

These organisms belong to the class of higher bacteria (Chlamydobac- 
tcria) and form a connecting link between the bacteria on the one hand and 
the tungi on the other. They are usually branched, (iram-positi\e, mvcelial 
filaments showing a star-shaped radial arrangement of the lupine, lor which 
the name ray fungus has been given to tlu-m ( aclin, a ray; myces, a fungus). 
When introduced into the tissues, thev produce a lesion <»I the character of 
an infective granuloma, often called mycilnma . which litcrallv means a fun¬ 
gous tumour. During the infective process in the animal tissius, 1 1 u \ give 
rise to variously shaped bodies, called grains or granules which are lound 
embedded in the granulation tissue and often (scape Iree in the discharges 
from the sinuses in the diseased area. These granules ha\e often been com¬ 
pared to poppy seeds, sago grains, sulphur granules or fish roe bodies b\ 
different observers. 

Distribution : —The organisms of this group are widclv (list i ibuted in 
nature, leading a saprophytic existence in the soil and also, as a common 
parasite of the vegetable world, In-ini' present particularlv on t ereaU and 
grasses. The pathogenic varieties mav be found in the mouth and intestines 
of man and animals, particularlv associated with the teeth and tonsils. 

Varieties :— 

.Y( J.Y-/M THiHi E\’1( -1 ctiimni yi es yriuninis (Hostioemi: A sapio- 
phyte, living on grains and grasses. 

PA 7 //< >CiEXK * —Aclinuinyi c.s hn~cis ( iinaerolnc /. 

Actinomyces mail in tc (iicrohi t y. 

ACTINOMYCES BOV IS 

HISTORICAL: — Bollinger, in |N““, first observed these organisms in the 
granules secured from the pus discharged from the “lumpv jaw" in cattle. 
Israel, in 1H78, first discovered the organisms in human beings in the pus 
from a case diagnosed as empvema thoracis. He also gave a scientific 
description of the nature of the lesion and the » hara< ter of the mganisms. 
U'olff and Israel, in 1 <St 11, were the first to cultivate the “fungi" su< < essfullv 
in artificial media under at aerobic conditions. 

HABITAT: — I he organisms are frequently found in the human mouth, 
specially in the contents of carious tooth cavities and of tonsillar erv pts. 
They are sometimes incorporated in the tartar of teeth which, on being 
detached, may accidentally Iodide in diflcrcnt parts of the bodv and mav tfuis 
set up pathogenic lesions. 

MORPHOLOGY:— 

In tissues: —Ibis is best studied bv securing a small “granule" from 
a discharging sinus, washing it several times in normal saline, preferably 
made alkaline with 0*5 per cent, caustic potash. The washed "granule” is 
now mounted in 50 per cent, glycerin on a glass slide with a ('over glass, 
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crushing it with a gentle pressure on the latter. When such a preparation is 
examined under the low power of a microscope, two distinct zones are 
observed. There is a central portion, light-yellow in colour, surrounded by 
a peripheral zone which is somewhat thick, dark and looks radially striated. 
When examined under the high power, the central portion is found to con¬ 
sist of a tangled mass of mycelial threads from which filaments are found 
arranged radially, giving rise to the characteristic astral or ray arrangement 
of the organisms. Towards the extreme periphery, the filaments show ter¬ 
minal swellings assuming a club-like appearance (Fig. 108). It is due to 



Fig. 108 . 

\ ■craimle under high power, showing the 
eh'iracteri-tir astral arrangement and terminal 
ihVhH*of ;lrfi»iow«r« bovis. The organism is 
embedded in a. mass of inflammatory cells. 


those latter strurtures that the eharacteristie astral arrangement is observed. 
It should be remembered that these dub-shaped bodies are not sports. ey 
arc usually well-marked in very chronic lesions and particularly in the ox. 

In culture:- The organisms consist of branching mycelial threads, com¬ 
posed of slender, non-sep,ate hyph*. of varying sizes, from o'3 £ to o'i fi 
in diameter. The filaments exhibit true branching (big. io 9 a) Sometimes, 
beaded appearance mav be seen, particularly if the conditions for growth are 

, , , 1 mpHia it is not uncommon to nnd tne 

unfavourable (Fig. 109b). In artificial media, it not 

. 1 11 ,u an mvcelial It is for this reason, that the orga- 

growth more bacillarv than imecnai. , , . 

.* , . ^ rirmelv related to the Mycobacteria . Uubs 

nisms are often considered to be close ) - 

4 n : n artificial media but they may appear when 

are not usually encountered m aruutitn 

they are made to grow in media containing ~ * ^ U1 
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a. filament* exhibit imr true bra noli mar, b. soirmenteri or headed appearann* 
of tho myeelial tbroads, re*etnblmp bacillary form*: r, Hub* mode vvhirh 
the mycelial thread.* are found to penetrate. 


STAINING REACTIONS: - Ordinary anilim- <h«> <1 

organisms satisfactorily. Thcv arc, however, very \m 1 
(iram's method, the mycelial threads being dram- 
positive, whereas the terminal chibs, diam-ncgatire. 

Thee are neither acid-fast nor alcohol-fast. 


not stain the 
stained b\ the 


CULTURAL CHARACTERS: The organisms aft 

obligatory anaei obes and grow best at the both tem¬ 
perature. They can be cultivated in all common 
laboratory media, preferably those containing glvcitin 
and sugar (maltose). I here is no growth in Mac( 'mike 1 's 
medium as the* presence of bile salts inhibits the giovvlh ot 
the organism. I*or the details ot anaerobn methods, alt 
ihapter mi anatmbu htuterm. 

Character of growth: 

I\ hid II) M EDI. J: —When the “grains’* are put in 
glucose broth, they are found to increase in si/e gradtiallv 
and in the course of 5 to S da\s, appear as tun •■onipac 
‘mulberry like granules which mav adhere or remain sepa 
rate* but do not disintegrate on shaking. I he bn ih does no! 
become turbid. 


<>X SOLID MEDIA (big. 1 ,<>). The organisms grow 
slowly for 5 to H days alter which, thev appear as small, 
raised, waxy white colonies of various patterns. When 
examined under a magnifying* lens, these raised colonies are 
found to have a central elevated portion with depressions and 
fringed margins at the bases (rosette-shaped 01 cauliflower¬ 
like growth). 1 lure is no tendency to spread on the surfai 1 
but the colonies tend to penetrate deep into the substance of 
the medium. I here is no marked pigmentary change. 

BIOCHEMICAL REACTIONS: —They ferment the 
common sugars, with the production of acid but no gas. It 



Fig. 110. 

( obm ii** of I et /- 
tiumijrr a bitris <»n 


urlueo*e airar, nil- 
mated anaerobe 
rally The rnsette- 

11 k <* appea ranee 

of tin- growth i* 
.shown in the m* 
sit. illy kind per¬ 
mission of 

Indian Medical 
Gazette'. 
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takes about 3 weeks’ anaerobic cultivation to study this reaction. They do 
not produce any change in litmus milk. 

VIABILITY: —Outside the animal body, the organisms cannot exist for 
a long period. Heating to 6o°C. always kills them in 10 minutes. In arti¬ 
ficial c ultures, they live for 10 to 14 days; in Dorset’s egg medium, however, 
their life is prolonged for 3 to 4 weeks, specially when kept in the cold. 

TOXIN PRODUCTION:- Nothing is known about the nature of the toxin. 

ANIMAL INOCULATION TESTS: —When the organisms are intro- 
'duced into the peritoneal cavity of guinea-pigs and rabbits, they produce 
nodular lesions containing the typical “granules.” The lesions are, however, 
never extensive and the animals do not die. 

PATHOGENICITY 

Mode of infection: —The exact nature of this process is not known. 
Though the infectious nature of the disease is not vet definitely proved, yet 
there is everv possibility of the infection being transmitted from one person to 
another; but this is very difficult to establish. 

Source of the organism: 

(a) Exogenous hypothesis of linslmmi:— It has been suggested by him 
that the organism gains entrance into the body through cereals and grasses. 
But as the causali\e agent of the actinomycotic lesions in the human or ani¬ 
mal bodv does not exist as a parasite of the vegetable world, this view has 



Fig. 111. 

Actinomycotic lesion in cattle, showing 
the * lumpy jaw.’ 


(b) Endogenous hypothesis:— The 
organism normallv inhabits the human 
mouth. It should be noted that the 
organism helps in the formation of tar¬ 
tar deposit in the teeth in which it 
ran continue its anaerobic existence. 
Detachment of such tartar and its lodg¬ 
ment in the tissue's near about the 
mouth, alimentary canal and respiratory 
tracts, can produce actinomycotic 
lesions. There is no doubt that trauma 
plavs a great part in the development 
of such lesions. 

Pathogenic lesions:— IX CATTLE, 
llu- infection is confined to the mouth 
and jaw. producing a massive granula¬ 
tion tissue. This gives the name 
“ lumpy jaw ” or “ wooden longue,” 
according to the parts affected (Fig. 
in). The lesions which remain purely 
local, are mainly productive in nature, 
and sinus formation, with discharge of 


There may, however, be suppuration 
pus, containing the characteristic grains. 
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IN HIM AN BE1NHS, the infection is most commonly limited t«> the 
cervico-facial area but may also be round in connection with the respirators 
and digestive traets. Oeeasionallv, the organisms may ^ain entrains* 
through the abraded skin, producing a very chronic loeal lesion. Infection 
by the female genital traets (o\aries and Fallopian tubes), although recorded, 
is exceptionally rare. The pathogenic lesions are characterised 1>\ swelling, 
suppuration amt sinus formation. The discharge contains granules \\hi< h 
have been variously compared to fish-roe bodies, sulphur granules, popp\ 
seeds or sa^o grains. The areas of suppuration are alwavs surrounded b\ 
a framework of fibrous tissue* and this tp\cs the* lesions a characteristic 
Iwney-combetl appearance. 



Fig. 112. 

Photomicrograph of an actinomycoti.- Kmou ir, htitimn ti-tm* kulncv . 
showing the characteristic arramreim-ru ,.f the org.«ni«m and 
inflammatory exudates. The Huh*, are not well marked stained hv 
modified Urain-Wcnrcr* m«*th<»,| 


Under the microscope, three /ones may he iconised. In the centre, 
there is a tangled mass of mycelial threads, surrounded In a ring ol regularly 
arranged filaments, radiating from the common <cntir. Surrounding thi— 
again, there is another ring consisting of dub-shaped bodies inside which 
the mycelial filaments are found to penetrate i:•/,/<• Fig. nx>< |. All these 
structures constitute the “granules" which are embedded m a mass of in¬ 
flammatory exudate, consisting of polv and mono, nuclear, as well a-, 
wandering leucocytes (Fig. 1I2) . Outside- this leucocvtic /on,-, there is a 
tramevvork of connective tissue. 
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Mod€8 of spread. I his omirs by a process of continuity and con¬ 
tinuity, so that all tissues and organs may be alike invaded. In its progress, 
l he disease may disregard anatomical boundaries and invade one tissue after 
tht* other. I he lesion bleaks down in one direction and heals in another, 
leaving behind dense cicatricial bands which contract and produce much 
deformity. I he organisms do not spread by the lymphatics and hence, the 
Ivmph nodes are usually not enlarged. Metastasis through the vascular sys¬ 
tem may occur, specially in the late stage of the disease, but it is very rare. 
In such circumstances, the organisms may enter the blood stream directly or 
the filaments inav be tarried away by the mononuclear leucocytes. 

Distribution of lesions in human beings: —As already mentioned, 
actinomycotic lesions are primarily local infections which tend to become 
generalised. I bus, the various lesions may be divided into two groups— 
(i) primary and (ii) metastatic **r generalised . 

Primary lesions: —These may be found in the following areas and are 
mentioned in the order of their Trequency. 

i. ('FR >-/•'\1 (7 1 L AREA: — The jaw and the adjacent structures 

are most eommonlv involved and a swelling appears in the angle or ramus 



Fig. 113. 

Actinomycosis of jaw, showing the typical lesion. 
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of the mandible, resembling a sarcoma. The presence ot a swelling, suppura¬ 
tion and sinuses and the discharge of the characteristic granules will reveal 
the nature of the lesion (Fig. 113). The final diagnosis is, however, settled 
bv a microscopic examination ol the granules. 

2. RIGHT ILIAC FOSSA :-—The favourite site of infection is the* 
coecum and the appendix. The disease may manifest itself either by an 
attack of appendicitis or by the formation of a lump in this region. '1 he 
possibility' of the existence of such a lesion can only be surmised, it 
suspicion is aroused. 

V THORAX :—The lungs and the* pleura* may In* involved primarilv. 
The signs and svmptoms of pulmonary actinomycosis resemble* those of pul¬ 
monary* tuberculosis. The diagnosis can only be settled by a c areful examina¬ 
tion of the sputum when the actiomycotio threads may be* detec ted. 


4. SKIX of other parts of the body— This rs verv rare*. 



Fig. 114. 

Actinomycosis of the? female breust. 

Note the presence of multiple sinuses and puckered appearance. There is 
however no retraction of the nipple. 



ACTINOM YCES M A DU R A? 


20 8 

THERAPEUTIC CONSIDERATION 

Vaccine therapy, preferably with an autogenous one, may be attempted 
but the results of such treatment are not very promising. Radical surgical 
measures when practicable should be resorted to. The only drug which is 
of anv value is potassium iodide , given in gradually increasing doses, up to 
the limit of the patient’s tolerance. 

LABORATORY DIAGNOSIS 

W henever a suspicion of an actinomycotic infection arises, the examina¬ 
tion of the pus or any other material should be undertaken with great care. 
W hen a physician or a surgeon sends any suspected sample ot pus tor 
examination to a laboratory, he should always attach a short reeoid ot tin- 
case and a description of the lesion from which it is collected. In this way, 
the attention of the bacteriologist is drawn to the possibility ol the injection. 
During examination, the pathologist must remember that it is tin- selection 
of the proper material, vi/., the one containing the granules, that ensures 
success. A casual examination of a random sample ot pus is useless. 
Another mistake which is likely to occur is the omission to examine* a film 
preparation of a sample of pus, when the latter is sent for < ultural examina¬ 
tion. And the last, but not the least, important cause for a negative result 
is to forget to culture the material under anaerobic condition. 

The organisms are* alwavs confined to the- “granules" and it is these 
which should be subjected to a de tailed e xamination. I he gtanules aie 
often found out bv spreading the- pus in a thin laser over the sides ot a test 
tube or on a Petri dish. Another very practical way to sepaiate* the- gianules 
from the pus is to shake a portion ot the- latter vigorously in normal saline 
with o‘5 per cent, caustic* potash in a test tube-. In this way, the pus is dis¬ 
solved in the saline-, leaving only the- granules which settle at the bottom ot 
the test tube and which may then be* e asily eollee te-el with a pipette. 

Methods of Examination: - These comprise a microsropi< and a c ul- 
tural examination. 

Microscopic examination -When an isolated granule- is mounted m 
50 per cent, glycerin on a glass slide* and gently pressed with a cov e 1 sip) 
so as to partially crush it, the* characteristic strurtuies ol the* “rav fungus" 
will be observed. A smear preparation from a < rushed granule* mav be 
stained very satisfactorily by Gram's me thod, using dilute < arbol-tuehsin as 
the counter-stain. flu* mycelial filaments will be* found to be* Gram-positive 
while the “clubs” if present, will appear Gram-negative. 

Cultural examination ; -Some- of the- granule s, afte r be ing thoroughly 
washed in alkaline normal saline*, are transle*rred ase ptic alls into bioth, 
glucose or maltose agar and glyc e rin agar. I he- e ultuic tubes are incubated 
anaerobically at body temperature, when the characteristic colonies may 
be found to develop in 5 to 8 days. 

ACTINOMYCES MADURJE 

1 he organism was first isolated by I mcent m iSejp. It produce's a 
chronic productive inflammation which particularly atleets the loot. The 
disease is very prevalent in warmer countries and in certain parts of India, 
such as Madura, a district in the* Madras Presidency, vvhere the* disease is 
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found to liavi- tIn ffri-atost incidence. ()wi nf r to a |i these characteristics, 
tlu- disease is called Madura loot.” I lie separate clinical entity of this 
disease was lii si piovcd 1 > \ 1 uia/y/vc ( ttrlt'i' (ifstio) in Ronihav. 

In morphology and ill their staining characters, the organisms very 
closed \ resemble Actinium res benis. 

Culturally, tilt* urbanisms ^run in all media but only under aerobic 
c<>nditi<>n and thus (Idler from Actinomyecs boyis which grows only under 
anaerobii i < mdit i< >n. I he growth ma_\ take place at jo°C. 

J\ LlOl ID M LDI 1 : I lit organism grows in the course of 5 to S days 
and appeals as vo man\ tiny [>lift htilLs uhich tall at the bottom and remain 
scpai ate (big. 117). I he upper part ol the broth remains (dear. 

J\ SOLID MhDl 1 ; 1 he colonies heap up in 5 to S days 1 time in a 

pet uliar fashion it ambling so man\ cirUncnnu cists oil llic surface of the 
(big. m S i . 1 he colonies otten show a pink colour, Thc\ may be 
black or ted, a< < ording to the respective yarieties. 



Fig. 117. 

Colonic* of nmtiurn in 

glucose broth cult ivated aerobically. 

the . . or 

tile if row tli shown in the inset. (By 
kind permission of tlu* Indian Medical 
Gazette). 


Fig. 118. 

Colonics of .irti no mt/ces matt lira * in 

maltose agar cultivated aerobically. The 
earthworm-east appearance of the growth 
is very beautifully shown. The dark areas 
represent the pigmented portions of the 
growth. 
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Chromogenic property is well marked and, according to the nature of the pig¬ 
ment formation, several varieties have been rceognised, surh as (i) white* or 
pale, (2) yellow, (3) black and (4) red. 

Aflimal inoculation: — T his is negative as the organisms are, as a rule, 
even less pathogenic than Actinomyces bovis. 




Fig. 120. 

Mycetoma forearm. 


Fig. 119. 

Muiiuru foot (Mycetoma toot' 

Pathogenicity: I he disease is mainly 

confined to the foot (fig. iki), le^ so in the 
hand (big. 120) and rarel\ in other parts of 
the body. The characters of the lesions ate 
exactly the same as those of Actinoimces bo\ is. 
1 here is swelling, suppuration and sinus forma¬ 
tion with the discharge of the characteristic 
“granules. 

In MAPI R. I t (>( >T, the lesion first com¬ 
mences in the sole of the foot and gradually 
extends till the whole of it is involved. It is 
riddled with main long-standing sinuses which 
discharge pus and the* “granules.” In a well- 
established infection, the foot is greatly de¬ 
formed, with its anatomical land marks dis¬ 
torted. It becomes thickened, considcrabb 
wvollen and its length diminishes. It becomes, 
more or less, an ovoid mass, with the* toe*s 
separated and often directed upwards and the* 
sole* bc(*e>ming convex. 1 he* lesions are* much 
more extensive* and destructive, associated with 
the* production of much connective tissue. 
Metastasis never takes place and lesions in the 
internal organs are never found. Tin* disease* 
can be* (aired completely bv surgical removal. 
Another peculiarity is that potassium iodide* 
which produces marked benefit in infection with 
Actinomyces bovis is without anv effect in 
madura disease. 
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MODI'. Oh l.\hh( llO.\: 1 his usually occurs only in rural areas 
vxlicrc most of the people do not use shoes. Infection takes place through 
abrasions in the* sole of the foot. 

For methods of diagnosis see under A. bovis (p. 208). 

I he difference between Actinomyces bovis and Actinomyces tmulnne is 
summed up in the following table:- — 


Conditions for growth. 


C haracters of growth 

In fluid media. 

In solid media. 


Chromosome property. 


Ferment at ion react i< >n. 


Pathogenicity : — 
Distribution. 


Metastatic lesion. 

Kfleet of potassium 
iodide. 


Actinomyces bovis. 


Anaerobic. 

No growth at 2o°C 


Mulberry like mass. 
Cauliflower like 
growth; no pig¬ 
mentation. 


Nil 


F e r m e n t s many 
sugars without any 
gas formation. No 
change in litmus 
milk. 


Intraperitoneal inocu¬ 
lation into a guinea- 
pig forms localised 
nodules. 


Mostly limited to the 
rervico-f acial area, 
but may involve 
other parts of the 
body. 

Present. 

Beneficial. 


Actinomyces madurae. 


Aerobic. 

Growth at 2o°C. 


PuiF-balls. 

Growth like the ap¬ 
pearance of earth¬ 
worm casts and is 
generally of a pink 
colour. 


Well marked. 


Does not ferment any 
sugar. Litmus milk 
turns alkaline. 


Non-pathogenic. 


Strictly limited to the 
foot, less so in the 
hand. 


Absent. 
No effect. 



CHAPTER XVIII 


STAPHYLOCOCCI 

These are cocci arranged in groups resembling bunches of grapes 
(Staphylos, a hunch of grapes; coccus, a seed). 1 Iun arrangement is due to 
their mode of division. Here several successive divisions take* plate in 
many different planes without following any ordered sequence (ciJc 
page 12 ). 

HISTORICAL: 1. ()gsfon (ittSi), a surgeon of Aberdeen, incriminated 

cocci as the cause of suppuration and succeeded in culti\ating the organisms. 
By experimental inoculation with these cultures and pus, containing cocci, 
he was able to produce pyogenic lesions in animals. l.ater (jSN$), he w a > 
able to distinguish two kinds «>t coni, (i) cocci in groups and (ii) cocci in 
chains. The former lie named Stapliy loeoe< i and tor tin latter, he tetamed 
the name of Streptococci, as suggested by Billroth. Jnlni\ l^uscnfuii fi ( i SS.| i 
obtained two types of Stapliy loeocoi from abscesses Staphylocoi < us pyo- 
^enes aureus and albus. /\cs\c/ (1SS5) isolated a third type, Staphylococcus 
pvogenes citretis. It should be noted that it is with the white < olonies of 
Staphylococci that the Hadenopha ge phcuouo n,ni was first obst r\ed by 
'I'wort in 1015. 

HABITAT: In the human bod\, the\ are found normalU in the following 

situations: — (i) horn\ la\er of the skin and cutaneous glands, (11) mouth and 
throat, (iii) anterior nates, (iv) external auditory imatiis and (v) anterior part 
of the urethra (prepucial sac). 

MORPHOLOGY: —-These are cocci which grow in it regular (lusters, like 
bunches of grapes, and are non-motile and non-sporing. When examining 
a smear of pus, in addition to cocci in irregular masses, single < o< < i and con 1 
in pairs may also be observed. Main of them may be seen to be inti acellu¬ 
lar, being phagocy tosed by the polynuclear leucocytes (Fig. 1 2 1 ). 

STAINING REACTIONS: It stains rt adil\ with all aniline d\t s, mk h 
as methylene blue, metby 1 -violet, carbol-fuchsin, etc. When stained by 
(irani’s method, it retains the \ iolet colour alter decolorisal ion, i.e.. Grain- 
positive. It is non-acid-last. 

CULTURAL CHARACTERS:—It grows readily in ordinary laboratory 
media, such as nutrient agar and broth. It is an aerobe and also a faculta¬ 
tive anaerobe. 

I hi agar, it produces thick opaque, discrete colonies which are circular 
discs, being relatively large (Pig. 122). Ihe colour of the colonies will vary 
according - to tin* variety. If massive inoculation is made, the colonies over¬ 
lap, resulting in the formation of a thick film. 
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Fig. 121. 

Alul plx'lt ^ \ «i S f il [>h fllornt <i. <1 - -roll 111 .1 -Mioar 

In broth, it |)n»diiMs ;i umlorm turbidity with 
a <h |)< *">il at t In lint t« tin. 

( )n blood agar, M piodmc^ h.rmoh^is ami 

h;em< »t 1 1 < st i< >n 

BIOCHEMICAL REACTIONS: -i. li ln|iu- 

i uni. 



2 . It pni<iin c" a pigment (belongin^ to hpo- 
chromes) whirl) dors not diffuse into tlit* surround¬ 
ing medium hut colours the colonies only . In this 
wax, an online to tin natuic ot the pigment produced, three varieties of the 
organism wire recognised. Those producing y ellow colonies were called 
Staphx loco* rus aureus, those producing w hite colonies, Staphylococcus albus 
and those pioduem^ lemon \ ellow colonies, Staphylococcus citreus. 


Fig. 122. 

(olonio of SIui'h iflucocci 
on lmtiit’nt agar. 


>. It produces acid hut no ^as in glucose, maltose, mannite and other 
sugars. Lit mils milk is clotted with the production ot acid. 

^. The reducing action ot staphylococcus is shown by the conversion 
of nitrate into nitrites and decolorisation of dyes, such as litmus and methy¬ 
lene blue. 

VIRULENCE: --The threat majority of the strains isolated from suppura- 
live lesions are very virulent and pathogenic for animals. This virulence is 
fairly well preserved even alter numerous subcultures. Passage through 
animals increases their virulence. 

RESISTANCE: _Staphylococci are fairly resistant and «tand considerable 

drying. Thev have been grown from dried •• alter 2 to 3 months. The\ 
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withstand a temperature of 6o°C. for half an hour. Pcrchloridc of mercury 
is a poor disinfectant for Staphylococci, as a one per cent, solution requires 
io minutes* exposure to completely kill them. Some aniline dyes exert a 
strongly germicidal effect on them. The most important of these are mala¬ 
chite green (i in 10,000) and gentian violet (as low as 1 in 2,000,000). It is 
for this reason that the latter is extensively used in the treatment of super¬ 
ficial pyogenic lesions of the body. 

TOXIN PRODUCTION: —Two kinds of toxins are produced by the patho¬ 
genic variety of Staphylococci; one is hicmolysin. which is capable of dis¬ 
solving red blood cells and the other is leucocidin, a substance capable of 
destroying white blood cells. Both of them are obtained from the culture 
filtrate of the organism. 

Recently an exotoxin has been obtained by Parish and Clark (1032) by 
growing the organism in special media in an atmosphere containing 25 per 
cent. CO., (Journal of Pathology and Bacteriology, Pelt, /c; ;j). 

SEROLOGICAL PROPERTIES: — When injected into an animal, the 
following antibacterial substances can be demonstrated in its blood serum, 
such as agglutinins, precipitins, immune opsonins ( hactermtropnts) and com¬ 
plement-fixing bodies . There is no definite serological rea< tion which can 
be utilised for the diagnosis of Staphylococcal diseases. Mine , howcxri, 
utilised agglutination reaction and agglutinin absorption tests in the classi¬ 
fication of various strains of staphylococci (ride intra). Therapeutic use ot 
such antistaphvlococcal sera did not offer any promising result. As ahead) 
mentioned, attempts have been made to prepare an exotoxin which is utilised 
in the preparation of antitoxic serum. The latter max, therefore, be used 
therapeutical!) and beneficial results ha\e been recorded in some cast s. 

CLASSIFICATION: To classify Staphx lococci on the basis of pigment 
production into 3 types, viz., St. aureus, St. albus and St. citrcus, is useless, 
because there are evidences which show that this chrmnogenic power is not 
constant and under certain conditions this proper!) is lost. Ouite recentl), 
it has been found that serological tests appear to be most satisfactory. Hint 
(1922) found that simple agglutination test is not sufficient to separate these 
cocci and therefore substituted absorption test. In this wax, he has been able 
to classify Staphylococci into 2 main groups: 

(1) St, pyogenes (mixed yellow and xxhite < olonies) It consists almost 
entirely of one serologic al type and generally ferments mannite. 

(2) St, epidermidis (almost all white colonies) This strain does not 
generally ferment mannite. 

It will be noted that the former is more ac tive than the latter in the 
following respects:—(i) certain biochemical reactions, vi/., liquciaction of 
gelatin and sugar fermentation, (ii) production of toxins (ha*molysin and 
leucocidin), and (iii) virulence (pathogenic to man and rabbits). 
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D 1 FFEREXCE BETU'EEX THE TWO TYPES OF STAPHYLOCOCCI 


Organism. 

Broth. 

Agar. 

Litmus A . . ~ 

milk M ann, te Ioxin. 

Patho¬ 

genicity. 



Golden 




Stupliylociu L ns 
pxo^cfirs . 

I urbid. 

yellow 
or white 
colonies. 

4 

AC A 


Feeble. It is 

.S'/fj/dn'/ororr n.\ 
cpidcrmitlis . 

Turbid. 

White 
ct >lonies 

AC O 

O 

the common 
c a u s e of 
stitch a b s- 






cesses. 


A Acid; A<' Arid and clotting; 4 - Positive; O—Nil. 

ANIMAL INOCULATION: —Of the various laboratory animals, rabbit is 
tin- most susceptible. Loral abscesses arc produced when the organisms 
obtained from pxogemc lesions are injected subcutaneously and death 
mav tollow from septir;emia and pyiemia when they are introduced intra- 
venouslv. 


PATHOGENICITY 


Of the various strains, St. pyogenes (aureus) is mostly pathogenic. As 
the organisms normalU inhabit the surtace of the skin, it is usual to find 
the lesions mostly limited to that area. 1 he natural path of inlection is 
through an abrasion in the skin or through the hair follicles and sweat 
glands, and the usual tendency of such an infection is to localise and form 
pus in and under the skin. Staphylococcal infection is associated with an 
emigration of many neutrophilic polymorphonuclear leucocytes which sur¬ 
round the infected area. Tile leucocidin produced by the organisms destroys 
many <>f the emigrated leucocytes, as well as some of the tissue cells, 
resulting in the formation ol a necrosed mass in the (tntK, surrounded b\ a 
thick layer of leucocytic barrier. Intimately, liquefaction occurs, forming a 


“core” of pus. 

Tin- following is a list of the common local lesions caused by Staphylo- 
coccus pyogenes (aureus). 

Common boils or furuncles:— These are deep seated inf i chons of the 
hair follicles with St. pyogenes aureus (pustular folliculitis). Alter an 
induration, the central part softens, leading to the formation ot a liquid pus. 
II incision is made before actual pus has formed, it may lead to disastrous 
results bv opening up the lymphatics and allowmg dissemination of the 
organism. Hence, though these lesions appear to be simple, mud 
is required in these cases as a faulty surgical interference may bring on 

fatal termination. 
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Carbuncle: —This is a group of boils in which tlu* subcutaneous tissues 
have become involved in the infective and necrotic processes. To start with, 
it appears as an ordinary boil which spreads rapidly, resulting in a large, red, 
indurated and painful area with a diameter of many inches. Later on, 
numerous points of pus appear on the surface of the swelling which bursts, 
leading to a cribirform condition of the cutis (Fig. 12^). 



Fig. 123. 

A huge carbuncle on the back, .showing the cribr form appearance of the lesion. 

Whitlow This term is applied to an infected wound at the tip of a 
finger which is extremely painful and usually runs on to suppuration. It mav 
be limited to the finger or may spread along the tendons and their sheaths 
into the palm of the hand and forearm. 

Cellulitis: —This is an inflammation of the subcutaneous tissues and 
particularly involves those areas which art* very loose and traversed freelv bv 
lymphatic vessels. The former offer better opportunities for the multiplica¬ 
tion of the Staphylococci and the latter aid their rapid spread through tissue 
spaces. Staphylococcal cellulitis is usually localised and terminates in an 
abscess formation. It is only under special circumstances that the infection 
tends to spread. This usually happens when the inflamed tissues are incised 
before localisation and before actual pus formation has occurred. 
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General lesions: —Under certain circumstances, the infection tends 
to generalise and the organisms enter the circulation and may subsequently 
he deposited in distant parts ol the body, producing 1 septicaemia and pyaemia, 
lhe conditions which favour this generalisation are:—(i) interference with 
the defensive mechanisms either through ignorance* or through inexperienced 
surgery and (ii) lowered vitality; the latter being due either to disease, such 
as diabetes, chronic Bright s disease and long continued illnesses or to over¬ 
work, sedentary habits and faulty diet. 



The following are some of the 
common examples of generalised 
infection. 

(a) Osteomyelitis ‘.—Staphylo¬ 
coccus produces an acute inflam¬ 
matory affection of the bones 
involving both the medullary 
cavity and the cancellous tissue. 
The disease is most commonly 
met with in unhealthy children 
with poor resisting power. It 
frequently follows one of the 
exanthemata, e.g., measles or 
scarlet fever. An infected con¬ 
dition of the blood is almost 
always present before the attack, 
and foci of local suppuration may 
be found somewhere in the body. 
The exciting factor is often a 
slight trauma, applied in some 
form, w hich determines the auto¬ 
infection. Fraser from a study 
of 400 cases of osteomyelitis has 
found that the causative organ¬ 
isms arc usually Staphylococci 
(78 per cent.), but Diplococcus 
pneumonise are found in 14 per 
cent, and Streptococci in 6 per 
cent, of his cases. The disease 
almost always starts in the soft 
vascular tissue of the metaphy- 
sis. From this primary focus, 
the infection may spread into 


A B 

Fig. 124. 

Acute an»l chronic osteomyelitis. 

A—Chronic osteomyelitis of the fibula, show¬ 
ing the central necrosed hone (scaliestruin). 
Mil reminded by a new sheath of hone ( involu - 
crum K The openings in it are called cloacw 
through which pus was discharged. 

B— Acute osteomyelitis of the humerus, show¬ 
ing the conversion of whole of the medullary 
cavity into a core of pus. 


the periosteum, forming a sub¬ 
periosteal abscess, as well as into 
the medullary cavity, destroying 
all actures in it and converting 

ii .. core of pus (Fig. 124B). 

1 *.ted portion of the bone 

11.. -rgo necrosis and remain 




STAPHYI.orOrCI 


2 I S 


as a sequestrum t surrounded by a mass of newly formed bone (iiivolucrum) 
from the periosteum (Fig. 124A). The infeetive materials may also be 
detached and carried into the general circulation as emboli, resulting in 
pyaemia. The neighbouring joint usually cseapes infection, because of the 
intimate connection between the* periosteum of the diaphvsis and the 
epiphyseal cartilage. 

(b) Septicaemia and pyaemia: Staphy loeoecal septic-iemia is very danger¬ 
ous and it is partii ularls so in the* tropics. It has been hmnd, on many 
occasions, that a positive blood culture is invariably associated with a fatal 
result. Such a septicaemia may arise in connection with a wound infection, 
a rapidly spreading e'ellulitis or in a case of a septic uterus during puerperium. 
I nlike Streptoc'occi, pv;emia, i.e., formation of foci of abscesses, is much 
more common than general septicaemia. 

(c) Ulcerative endocarditis: This is a part of the manifestation ol a 
general septicremia with loc alisation of the- organisms on the- c ardiac valves. 
'The character of the* lesions is the- same as in the cast* of the Sti. 
hiemolytieus. 

(d) Genitourinary tract infection: Kidneys may be in\ol\cd and casts 
are on record where an acute nephritis has developed m tin* course of 
se‘ptic;emia. Usually, the* organisms reach the* kidneys via the lymphatics, 
from an infection in the* lower urinary tract. flits is known as an ascending 
infection of the urinary trac't and it produces pyelonephritis or diffuse 
suppurative* nephritis. Staphylococci are found as secondary invaders in 
manv genito-urinarv affec tions, particularly in gnnorrheea. 

(ej Staphylococcal meningitis: 1 his may arise in association with 
general septicaemia. I lie meninge s may also be- involved from an extension 
of the infection from otitis media and osteomyelitis of the* skull bone s. 

Staphylococcal infection of the respiratory tracts: —Staphy 

do not usually grow on the* mucous surfaces and lienee staphy lococcal infec¬ 
tion of the* uppeT respiratory tract is uncommon. Hi one ho-pne umonia, 
however, may develop in the* course* of staphylococcal scpticamia and may 
be* encountc*red as a secondary complication in influenza. 

NOTE:— A chronic' infection with long standing suppuration may lead 
to amyloid changes ill the spleen, kidneys, intestines, liver and lymph 
glands. 

Facial cellulitis (Fig. 125): This is a common example* of 1 nt01 
spreading c'ellulitis produced by staphyTcocci and is seen in cases of 
furuncles of the* face* and lips. The common facial “erysipelas” condition 
which we often sec in our country is in the* majority of instances, not an 
example ol true* erysipelas but staphylococcal cellulitis of the face*. The con¬ 
dition is very fatal and tragic , and is invariably assoc cited with virulent 
organisms. I he* usual history of such a case is the appearance of a small 
pimple on the lip with redness and swelling, usually of <me* or two days’ 
duration. When this is pric'ked or squeezed inadvertently, the organisms, 
being highly virulent, rapidly invade the* blood stre am, produc ing a fulminant 
septicaemia which invariably results in a fatal issue. A faulty surgical 
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in1<rlerenee at this stage also leads to very serious consequences and the 
condition, instead ol improving, usually grows worse alter the* inc ision, The 
redness and (edema increase very considerably, spreading all over the face, 
cvelids and even over the scalp. 1 he patient may die of this rapidly 
spreading cellulitis in a very short time, sometimes as earlv as 3 to 3 davs. 



Fig. 125. 

Staphylocooea! cellulitic of the fare. Note the exten¬ 
sion of the (edema. 

In thi> connection, it should he renumbered that apart from any external 
interferences mentioned above, the infection ma\ spread, mspite o ' 
most careful and conservative measures. These boils are always attended 
with an earlv septic thrombophlebitis of the neighbour..^ veins. 1 he 
infected thrombi rapidlv spread to the larger veins ol the face partieula 
the anterior facial. There are certain anatomical peculiarities ol he lat. r 
such as the absence of am valve, and its situation amangs the^ fac ud 
muscles which, bv constant contractions, displace the clots in t \u -tm a 

pump them onwards Morco^r k , , 6 ) the infection is easily 

of the facial vein with the oavernou. - ■ (J- - thrombosis 

carried to the interior ot the skull, rausinj, f lirlinri ,losis of 

. . . nwimv to the above reasons, luruncuiosis ci 

(cavernous or meningitis. Cmnut^ . ^ ^ : s vcrv 

4t 1 .. . * inHif'nted bv the shaded area in Fig. 12/, is very 

the naso-labial area, as incm au ci uy 

dangerous. 
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Fig. 126. 

Diagram illustrating tin* 
communication o t t li »■ 
anterior facial vein with the 
cavernous sinus. 

1, anterior facial vein: 2. 
angular vein: a, dee)) facial 
vein; 4, pterygoid venous 
plexus; emissary veins; <>, 
cavernous miiux; superior 
ophthalmic vein; s, pterygoi- 
dus externus muscle. 


Fig. 127. 

he shaded area represents the 
'daugcroii'. area’ ol tin* lace. 

Seasonal incidence of Staphylococcal 
infections in the tropics :— 

Virulent staphs lococcal infer!ions art very 
ronnnon in the tropic s during tlie summer months 
and in the rains. This mav l)e attributed 


particularly to the humidity of the atmosphere causing constant perspiration 
which cannot evaporate rapidly. This leads to a sodden condition ot the 
skin and removes its power of auto-sterilisation and of acting as a mechanic al 
barrier. Persons with diabetes are peculiarly liable to sutler from various 
skin troubles during this period, as staphy locoeci which habitually live upon 
the skin and form a part ol its normal bacterial flora, can easily infect such 
an altered epithelial surface. 


Staphylococci as secondary invaders: —In many superficial 
cutaneous infections due to other organisms, involving loss of continuity of 
the epidermis, staphylococcal infec tion may be superimposed, for example, 
impetigo contagiosa which is caused bv Streptococcus hiemolv tieus mav be 
secondarily infected with staphylococci. In respiratory tract infections, 
particularly in influenza, staphyloeoci, as secondary invaders, may be respon¬ 
sible for broncho-pneumonia. As secondary invaders, they are also most 
commonly found in connection with the genito-urinary tract infection. The 
role of staphylococci in g'onorrlural infection is discussed under Neisseria 
gonorrhoea*. 


THERAPEUTIC CONSIDERATION 

Serum therapy: —Although antistaphylococcal serum may be produced 
containing anti-fuemolysins and anti-leucocidins, such a serum does not 
appear to confer any marked degree of immunity. Recently, an antitoxic 
serum has been prepared, the use of which is said to produce beneficial 
results in some cases of staphylococcal infection. 

Vaccine therapy: —This, no doubt, increases the opsonic index and 
produces antibacterial substances in the serum, thus conferring a certain 
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amount of immunity. Suc h vacc ines may be used lor curative purposes, 
preferably in subacute and chronic inlections. \ he usual dose is 20 to 40 
millions of the organisms, but in cases of generalised furunculosis, it is better 
to use smaller doses in the beginning and gradually work it up. It is always 
advisable to use autogenous vaccines wherever possible. 

Staphylococcus anti-virus (p. ikj):—A n eight to ten days’ old broth 
cult lire is filtered and heated at 0o°C. for 1 hour to reduce its toxicity. This 
is then Used as a compress over the affected part. This produces a local 
immunity of the- area over which it is applied. As a therapeutic agent, it is 
used in cases ol superfic ial infec tions of tin* skin. 

Other varieties of Staphylococci 

1. Micnn'ncctts urvtc — 1 his is a variety of Staphylococcus producing white 
colonies (St. albus). Its chief feature is that it is capable of utilising 
nitrogen from the urea. The organism secretes an enzyme which 
ferments urea with the formation of ammonium carbonate. 

2 Micrococcus I ysinicikticus —This is also a varietv of Staplnlococcus and 
may be found as lir contamination on culture plates. Its importance 
lies in the fact that lysozyme which is present in human tears and 
cartilages is capable of dissolving a thick suspension of this organism in 
a few seconds (p. 111). 

GAFFKYA TETRAGENA (Micrococcus tetragenus) 

This organism was first recognised by (ialTky (r88i). Owing to a certain 
serological relationship, it is regarded as a variety of Staphylococci. The 
organism is characterised by its arrangement in tetrads, which depends on the 
mode of division (p. 12). The apposed surfaces of the cocci are flattened and 
each group is surrounded by a capsule, when growing in the tissues. It is 
Gram-positive and stains readily with all the ordinary bacterial stains. 

It grows readily on all ordinary media. On agar the growth resembles 
that of white colonics of Staphylococci but has a viscid character. On blood 
agar the colonies are surrounded by a greenish zone like Str. viridans. 
Gelatin is not liquefied. 

The white mouse is very susceptible and a general septicaemia results 
on subcutaneous injection, the capsulated tetrads being found in large num¬ 
bers in blood throughout the body. In human beings it possesses a feeble 
pathogenicitv and is found normally in the upper respiratory tract. On 
certain occasions it mav be responsible tor minor catarrhal inflammations. 

SARCINA VENTRICULI 

This was first described by Goodsir in 1842. It is found in the contents 
of the stomach, specially when dilated. T! -ganism in association with 
Lactobacillus boas-opplcri (Boas-oppler ba< • ficquently reported in the 

stomach contents of carcinoma gastri. '* yanism is characterised by 
an arrangement in cubes or like packets ol bales. This is due to the 

division taking place in 3 planes at rigln • > to one another. It is 
Gram-positive. 
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STREPTOCOCCI 

These* arc so railed because they are arranged in chains, either short or 
long. Such an appearance is due to their characteristic ocll-di\ ision. Here, 
a series of divisions takes place in planes parallel to one another and the 
daughter cells do not immediately separate hut remain attached to one 
another by their cell-membranes forming a chain (:'hie frige ij). 

HISTORICAL: — In iSKi, ()gsl<>u first ditlerentiated between the grouped 
and the chained cocci in human lesions. I he name Strcptoc <•< < is was 
however given by Billroth (1S7.4) {St rept os . chain and i "u ii.c a seedi. 
Pure cultures of Streptococci were first obtained from erysipelas by /* ehlciscn 
(1883). Marmorck first produced and studied tin piopeiiies «»1 antistiep- 
tococcal serum. 

VARIETIES: Tile follow mg at e tin \ an< nis siunns nl St t cpt« ><»*<< 1 v he h 
are commonly found in human beings. 

/. Streptococc us lucniolyfn u \. 

Sirept ococtus 'inJtius I Mouth >/ tcpfoi **, < / 1 . 

Si re pi neon it* pthmmonia <*/ Sii < phu ,» t < u\ mui>> wo •>/ s, //../ Imullt 1 . 

./. Strvpttn'oci us finnlis or h'oirnu'uti <>t I hint i hit I />'.<av/ sin pt<>~ 
cocci ). 

HABITAT: Manx of tlie species of St 1 < | >t on m « 1 a 1 < on niiiitcicd mam.il¬ 
ly in the mouth, upper respiratory tracts, about the genitalia <l«*w«i 
part of the vagina) and iti the intesiines. They are not usually h*und on tin 
normal skin. Streptococcus rinJmis is found as a saprophyte upon the 
mucous membranes of the mouth, pharynx and the upper respuatoiy p.issn^ts 
of man. Streptococci may he present in the vagina but they are mostly of 
the non-h;emolvtic type. Streptococcus htcmolyta us ma\ iaiel\ o<<ui as 
commensals in the throa and, under < ertain c<mdit ions, ma\ si \\ i as a souh « 
of endogenous infections. Strcpfoctncus ftcnilis is constantl\ present in the 
stools and it is one of the most frequent members of the bacterial flora in the 
lower part of the bowels. Streptococcus pneumonia (mmosns) may some¬ 
times be encountered normally in the upper respiratory tracts of man. 

MORPHOLOGY- These are cocci usually spherical and are arranged 
in short or long- chains, or sometimes in pairs. Thc\ are non-motile and non- 
sporing. I he majority have no capsules, except Streptococcus pneumonia*. 

Size :— Each coccus is about 0*75 to j jx in diameter. 

Arrangement :— I hey are arranged in chains, composed generally of 
ten or more individuals (Fig. 128). These vary in length depending largely 



CULTIVATION OK STREPTOCOCCI 


223 


un the- environment. At one time, these roeei were classified according to 
the length of their chains, e.g., Sir. longus (long chains) and Str. brevis 
(shoit < bains), Sti. li.emolvticus belonging to the long chain # variety while 
St 1. viiiclans to the othei. Str. f ureal is (Enterococci) occur as diplococci or 
in short chains. 

Xotc :—Chain formation is usual¬ 
ly well developed in fluid media. 

STAINING REACTIONS’— 

They slain readily with all aniline 
dyes. With Gram’s stain, they 
retain the colour (Gram-positive). 

CULTURAL CHARACTERS: 

—The organisms are aerobic and 
facultatively anaerobic. They grow 
readily in ordinary artificial media, 


Fir. 128 . 

\lm phn'iiL'» n! St n fit'icni ri hirmolyt i- 1 , 

'timviiic tli r .1 rt.1 mrri'M'iit <*t tin* 
m rh.uii'. Mm ;ir pr« par;il mn tnmi a yiMint: 

mu h ,-i>s agai and broth; but the addition ot serum or 
blood g real l\ tarihtatts their growth and an excel¬ 
lent growth max be obtained on serum agar or blood 
agar. In the laUcr medium, the htemolxtic acthities 
ol the StreptoiiMei are also studied. 

Characters of growth :— 

On solid media, tlu- colonies are small, delicate, 
slight h transparent and discrete (big- , - 9 )- 
In ot h, the growth forms a noeeular deposit at the 
bottom of the tube, leaving the upper part clear. 
This i.s \ery characteristic. 

Selective methods for isolation: Ihcsc 

met hods are particularly uselul in isolating strep¬ 
tococci from a mixed infection. When grown in 
ordinary culture media they are over-grown by the 
more vigorous secondary organisms, such as staphy¬ 
lococci. The addition ol crystal violet in 1 . 100,000 
to 1 : 500,000 to agar or bouillon markedly inhibits 
the growth of staphylococci but not that o 
streptococci (Hcxthauscn’s method, 1927). 



Fig. ia®. 

Colonics of Streptococci 
on serum agar; pure 
culture. 
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Further, it has been observed that paitial anaerobic condition is 
favourable to streptoeoeeal but unlavourable to staphylococcal giowth 
(SabouraudVmethod, iquu). 

BIOCHEMICAL REACTIONS: — 

(1) Proteolytic power:— Ibex are lint act i vcl\ proteol\ti< and tluiclore 
there is no liquefaction of gelatin and no indol formation. 

(2) Sugar fermentation: - Ihdrobsis takes place with the production 
of acid but no gas. This lermentatise capauU saries with dillcicnt species 
of Streptococci as shown in the table below : 


Str. luemols- 

licus. 


St 1. s iridans 


Str. pm-ti¬ 
ll 0 min*. 


Mr. t;e< ali" 


Lactose 


Salicin 


Mannite 


Raffinosi 


Inulin (Polysac¬ 
charide) 


Acsculin (Ciluco- 

sidc) ... - 4 


4 means fermentation with production ot acid but no gas. 

- means no fermentation. 

(3) Haemolytic activity of Streptococci: On /»/.>.„/ ,/gur, some 

strains (Str. hcemolvticus) have the power to produce a diffusible h;cmol\sin 
which gives rise to a clear /one around the colonies. The amount ot 
haemolysis in blood agar, however, varies according to the strains used, 

(i) When the h;emolysis is very marked, producing sharph defined clear 
colourless zones, it is called ^ 3 -hicmolvsis, as in Streptococcus hicmolvticus 
(Fig. 130). 
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(ii) When the luemolysis is not so marked Jjut 
is only partial, producing a greenish discoloration 
around the colonies, it is called u-ha*molysis, as in 
Streptococcus \ iridans (Fig. 131) and Streptococcus 
pneunii »nia*. 

(iii) When the organism is entirely devoid of 
hiemolytic pmpertx and no green discoloration is 
pioduced on a Flood medium, it is called y-hjemoly- 
sis, i.e., no ha-molvsis, a^ in St reptococrus fa-calis. 

As ah t ad\ mentioned, three factors are con¬ 
cerned in the causation ol complete hiking of the 
hlood round the < olomes of Streptot oeeus ha*molv- 
ticus and the;, comprise the following: — 

(a) Absorption of the 
blood pigment into the 

Cl > 1 < Hues. 



f \ 

f % \ 

I r: * o \ 

: ■ ,v ^ 


Fig. 131. 

Oolonics of Str. riridans 
011 blood agar. Note the 
Partial hiemolysis (n- 
haunolysis), green colora¬ 
tion and the pin-point 
colonies. 


(b) Destruction of the 
blood pigment which is 
converted into a colour¬ 
less compound by a filter¬ 
able luemolvsin. 

(c) Migration of the pig¬ 
ment at the periphery of 
the clear /one, due to a 
change in the reaction 
(pH 5) in the immediate 
\icinit\ of the colonies 
(Rot her). 

T h e 44 r e e n colour 
noticed in and around the 
colonies of Str. viridans i* 
due to the formation of 
met haemoglobin which is 
an oxidation product of 

L hiematin. It should be noted that on blood-agar, 
D. pneumonia* also forms green colonies without 
anv haunodigestion. Such a change in the colour 
is brought about by the action of H2O2 (produced 
bv these latter organisms during their growth) 
which oxidises hamioglobin to metlnemoglobin. 

According to the nature of this haemolytic 
activity. Smith ami Brown (1919) classified Strep¬ 
tococci into 3 types: — 


Fig. 130. 

Colonies of Str. iuvmohjti- 
cus on blood agar, showing 
the formation of clear 
zones ( /Miceinolysis^ around 
the colonics. 


1. Type (beta )—Frankly haemolytic, e.g., 

Str. haemolyticus. 
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2. Type rt (alpha )—Weakly luemolytie and mctha*moglobin-fe>rming 
(Green producers); e.g., Str. viridans and Str. pneumonia*. 

3. Type y (gamma )—Neither luemolytie nor metlijimioglobin-iorming ; 
e.g., Str. heealis. 

Lastlv, it should be remembered that this power of luemolysing red blood 
corpuscles serves, to some extent, as an index of the virulence of the strain. 
The stronger the hsemolvtic activity, the* greater is its pathogenic- power and 
hence, Str. hivmolvticus is the most virulent, whereas Str. kec-alis is tin- 
least so. 

X()TE :—The term hiemolvsis is, however, not a very suitable expression 
to describe* the clearing of the pigment. The red blood corpuscles are not 
onlv hiked bv the* luemolv sins but the* liberated pigment is actually destroyed 
and converted into a colourless substance. He-nee, the- term luemodige-stion 
is more appropriate and should be employed. 

VIABILITY:— 

(1) Resistance la heat: —Main species of Streptococci belonging to the 
luemolytic group arc very susreptible- to luat, while- the- Sir. heealis resists 
heating considerably. broth cultures ol Str. heealis survive- exposure to 
33° to ho°C. for 31) minute s (I)ible- io-i). while- the- othe r vaiie-tie-s ot Strepto¬ 
cocci are killed in 3 to 10 minutes. 

( 2 ) Other destructive agent n : Resist a in e- ol the v;n mih ->pe< ie s to ot In 1 
unfaxourable* conditions runs parallel to their he at-re sisting pmpertv. 

(3) Longevity in culture: For prolonged maintenance in artificial 
e ulture-s, Str. hamolv ticus and Str. pne umonia- re-ejuirc tfecpient subeultures. 
Str. heealis, howe ver, is casilx ke pt in arlitic ial c ultuie lot prolonged pc 1 tods. 

VIRULENCE OF STREPTOCOCCI : I his vane-s with ditlcicnt 

strains and is usuallv tested on susceptible animals, sue It as mice-. Sh . 
h(enwlyti(us is highlv pathogenic to mice, le-ss to rabbits and still Irss t<» 
guinea-pigs. Str. rindans is usuallv non-pa! hoge-nii to laboratoiv animals. 
Str. pneumonicc is pathogenic- to main laboratory animals and its pathoge-ni- 
city to mice, rabbits and guinea-pigs is the- sain- as that ol Str. h;emolvtu us. 
1 he- virulence* ol Str. heealis to experimental animals is unc ertain. The 
consensus of opinion is that it is re-lative-lv non-v indent ; in la< t, most strains 
e-an be injected in large- doses without am pathoge nic etVe-ets. 

Virulence of a given strain max be- attenuated bv prolonged cultivation 
in artifie-ial media, but il it is I re-ejue ntlv sub-cult lire d in a medium contain¬ 
ingblood, the attenuation is least marked. Bv Irecpicnt passages through a 
susceptible animal, the- virulence- is exalted lor that particular animal, 
although that for other animals may be* dec reased. 

TOXIN PRODUCTION: — I he bodies ot Strcptoeoc, i arc t hcinsclvc'' 
poisonous and such toxic products (endotoxins) arc liberated In the death and 
disintegration of the organisms. Apart from this, Streptococcus lucmolytietis 
like staphylococci produces two other soluble products, huntoh •sin and 
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lfitcuciiliii , during its growth. Dicks (i.gq) have obtained a filterable toxic 
product from scarlatinal strains of Sir. ha-molvtieus, which produces a specific 
skin reaction {eryl hrugciiic lux in). 

SEROLOGICAL REACTION : —Antisera have- been prepared against 

Streptococci bx immunising horses. Siu h sera appear to be anti-bacterial 
rather than antitoxic and contain agglutinins and bacteriotropins. Lately, 
an antitoxic serum has been prepared against the luemolvtic jyroup of 
si rcptocncci, producing scarlet lexer. There are no such serological reactions 
which ('an be utilised in the diagnosis ol streptococcal diseases. 

CLASSIFICATION: This may In* dom on the basis of t lie* follow¬ 
ing : (i) niuf plmlu »/c nl clitmu ler.s, (ii) lennentalion rein lions, (iii) serological 

rent I and (i\ ) fncnn>lyln aclieihes. 

(ii Mnrplmbign al < harm lers: Attempts were made to classify 
Streptococci on the nature ol chain formation (lonjj or short) and the presence 
t»r absence <>l capsules. Hut such a classification was found to be useless and 
hem < e; i\ en up. 

(ui hi 1 mi n fa loot iraifnai; Manx attempts ha\e been made to classify 
StieptoiocM bx this method. I hr value ol fermentation reactions as a 
differential < nteiion cannot 1 m utilised, as it is so variable. 

(no al h<itli>oi\: Serological ^roupin^ of Streptococci has 

hc<n tried ixtinsiwlx, but results are not satisfacton. Many attempts 
ha\c been made t<» < lassitx huniolxtic Streptococci, particularly on serological 
basis, and tlux haxi been dixided bx (iordon into ^ groups. 

X/i. i/(A piodiiMiio ixpnal acute inlections, !re(juentlx ter¬ 

minating m septiia-mia and pxannia. 

M». r 1 vwpi /i/'/s pit»c!u<mo cixsipclas. 

.S//. \t a i hi 1 1 Un i a u s m 44 siailet lexei. 

Kn ent xx oik on the anti^cim structure and agglutination reactions ol 
h.cin d x tic Stteptococci has shown that such a ri^id distinction into serological 
1 \ pcs cannot be permitted. Moreoxcr, obserxations from clinical and 
lain nail u \ findings lend t<» shoxx that anx one ol the ot^umsms tiom the 

aboxv three groups is capable of producing anx ol the infections typical of 

haunolxtic Streptococci. Thus the serological methods do not oilei anx ^ieat 
help in classifying Strcptococei. 

|i\i 11 ,cm..Ivlic activities (changes produced in blood agar ):—1 Ins 

tiH'lhod has latch been followed in the classification of Streptococci, as it 
has been found to be far more constant than the fermentation and serological 
((‘actions (chic page 225). 

The following is a summary of the biological classification ol the whole 
roup of Streptococci: - 

1. Markedly Inc 111 ulylie (Type />' «'/ “ ,td 

Mrcplucoccus lucmolylictis. 



228 


STREPTOCOCCI 


2. Slightly lurmolytic or greet) producers I rype <i of Smith and 
Brown), e.g., (a) Streptococcus viridans and ( h) Streptococcus pneumonia-. 

j. Non-lucnw/ytic — 

(a) Aerobic streptococci, e.g. Streptococcus ftccnlis (Type y of 
Smith and Brown). 

(b) A nacrobic sircptococci . 

Table showing the distinguishing features of individual 

Streptococci. 

St rept oci k i u s Stn*pton n i us Stnpt» k < k t iis St r * pto<<«Mus 

ha*mn1ytii us. \iridans. pn* um<»ni.r. faaalis. 

(Mouth stop- (Str. nuitosus (Knt^untK < i of 
toinu'i). “f Schott- Tlii» n f 1 in). 

imill'i i. 


Morphology :— 

Arrangement ... Long chains Short or long I )iplm on.il m l*.iiis ,,f < *\ ♦ »i* 1 

chains .short chains o »u i m shot? 

i bains 

Capsule formation Absent Absent MatlodlN p» r Absent 

s*nt 

Growth on blood agar M a r k * d Slight ha-mo- Slight hivnio- .\ (1 ha*mo|\ 

ha*mol\sis I n sis. M* - 1\ i ' Mo- (y-ha-inolvsts) 

(/J-h;i-mol\sis) tlta-niogl..bin thanioglobin 

or gr* *-n pt o- or gr* * n pro¬ 
ducers {u- due • i s pi- 

hrrm< »lv sis) hatnolysjsi 


Aesculin test (Split¬ 
ting of glucosidr 

a;sculin) ... - - + 


Mannite fermenta- ' 

tion ... Chi.-fU - + 


I nul in fermentation - - t 


Heat resistance (fio°C\ 

for 30 minutes) ... - - -f 


Bile-solubility ... _ -4 

Growth on Mat- _ _ + 

Conkey’s plate ... (No growth) (No growth) (No growth’ (Growth) 

Pathogenicity for j Variable; 

mice ... ! often + Low High Low 

_j_ , 

+ indicates positive reaction; — indicates negative reaction. 
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II may lie seen from the above table that Sir. pneumonia* corresponds 
very closely to type 111 I )iplo,,„, us pneumonia' (pneumoeoeeus). Bile- 
solubility, imilin fermentation and high virulene.- for mice suggest that it is a 
true 1). pneumonia'. It is a slightly larger coccus than the other more 
typical I). pneumonia- and is commonly oval or spherical rather than lance¬ 
shaped. I hen- is a considerable tendency to torm chains. Capsule formation 
is well marked. I he colonies are larger and moistcr than those of D. 
pneumonia' and have a slims consistency. This stickiness is explained by 
tlu* marked d<*\ dopment «>I capsules bv these urbanisms. 

ANIMAL INO( liLATION! — I he effects of inoculation vary to a 
gnat extent and depend on tin* following factors—(i) susceptibility of the 
animal, |ii) routes of inoculation and (iii) decree of virulence of the strain. 
Of all animals, mice and rabbits are the most susceptible. The more 
common methods ot ino< ulation are .subcutaneous, intravenous and 
intraperitoneal. When a sullicienth virulent strain is injected, it gives rise 
to a mineral sept it ;emia, with death occurring within .pS hours. Streptococci 
are found in la art’s blood atlei death. With less virulent strains, 
septicaemia is not su marked but there is a considerable tendency to localisa¬ 
tion in the t issues. 

The fate ot the inoculated Streptococci has been carefully studied by 
Hopkins inn! /\i rker (i<jiS), using cat as a noil-susceptible and rabbit as the 
susceptible animal. They observed that in both cases, the organisms were 
rapidlv removed from the circulation and were held up in the capillaries of 
the internal organs and in the case of tile non-susceptible animal, readily 
destroyed in the liver and lungs. But in the case of the rabbit, they multi¬ 
plied in the muscle capillaries, from which the organisms re-entered the 
general circulation, causing septicaemia. Thus it will be noted that in a 
susceptible animal, scptic;emia is the result of a more or less continuous 
discharge of bacteria from a focus of infection which is in close or direct 
communication with the blood stream. 


PATHOGENICITY OF STREPTOCOCCI 

There are manv records of streptococcal diseases I A A\JMAES, Antony 
some of tlu* larger domestic animals, such as horses, it produces an acute 
nasopharyngeal catarrh (“ Strangles ’ ). In entile, the organisms are most 
frequently associated with the inflammation of the udder (mastitis); in such 
conditions, the milk is often infected, giving rise to epidemics of sore-throat 
in human beings. Among the smaller laboratory animals, the commonest 
tvpe „f disease encountered is a septkwmia of obscure origin, associated 
with marked splenic enlargement and often with evidence of haemolysis in 
the general circulation. 

IN HIM AX BEINGS, Streptococci priu 1 .»v various kinds of lesions, the 
nature of which w ill vary according to the ]. ] ' Ar strain. 
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Rosenbaeh (1SS4) first pointed out that the* lesions produced by a 
htemolvtio strain are usually less localised, tend to spread and are more oltcn 
fatal than those caused by other pyogenic bacteria. The severity of a 
streptococcal lesion, however, depends on two tailors, vix., (i) the invasive¬ 
ness of the microbic strain, i.e., their virulence and toxigenic properties and 
(ii) the local and general resistance of the indhidual host. The remarkable 
propertv of spreading and invasiveness can be explained by the I act that 
there is hardlv anv satisfactory mobilisation of the phatu>o\ les in infection 
with virulent streptococci. Moreover, leueoi idin produced by the organisms 
in the early stages, kills the phagocytes that may happen to a^^re^ate at 
the site of the infection. Finding no barrier, the micro-organisms invade 
tissue spai'es and lymphatic channels with threat rapidilv, resulting 
ultimately in septic;emia. Thus, the exudate Irom a fatal streptococcal lesion 
appears to be* serous rather than purulent and contains lew pus cells. \\ hen, 
however, definite pus has formed, the prognosis is better, as it signifies the 
mobilisation of leucocytes and the- formation of a protective barrier. It mas 
be remembered that a virulent strain of h;emol\tic streptococci mas j^ain 
entrance through a minute skin abrasion, such as a prick or a scratch, and 
produce a fulminant septicaemia with little or no inflammators reailion at 
the site* of entrs. 

As the organisms do not usualls inhabit tlie human bods, the source ot 
infection, in most cases, is exogenous, and onls in some cast s, it mas be 
endogenous. 'I he various lesions produced l>\ Streptot ot eus h;emol\tiius 

may be classified as follows: 

/. Infection of the shin, suin' ntuneons tissues and / yin plmt n \. 

Infection of nuntnils. 

?. Infection of the respiratory hunt*. 

4. Infection 0/ the i*cnilo-nrititu y hut 1 ts. 

5. Septicicinia anil pynenua. 

Infection of the skin (superficial cutanenns infection! St reptococcus 
hcemolyticus is not an inhabitant ot the normal skin and hence, the infection, 
in most cases, is exogenous. The organisms tend to product* a serous 
exudate into the skin and in cases o! superficial inlet turns, effusions take 
place under its horny layer with the production of \esicles; whereas 
staphylococcus infections tend to occur in the nei^hbout hood til the hair 
follicles and are accompanied by a purulent exudate from the be^inninjLj. 1 he 
commonest of these superficial infections are the follow ing : 

Impetigo contagiosa: 1 his is an affection commonh seen in children, 
on their exposed parts, such as hands and face. 1 he lesions consist of small 
pustules formed between the horny and Malpighian lavers of the skin, which 
often rupture and, when the exudate dries up, leads to the formation of 
yellowish crusts. I hese are numerous, often confluent and asymmetrical in 
distribution and are obviously spread bv local inoculation. As a result nf 
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MTal< tu"F r . llu’ organisms arc often carried to distant parts of the hodv and 
tints new crops of lesions appear on the hands, arms, letfs and trunk. Doubt 
was raised as to the etiological relationship of the streptococci to this 
disease, its otdinats cultural methods were often unsatisfactory for their 
isolation, the organisms bcinj* overflown by staphylococci. Recently, the 
use ol selecti\ i' cultural methods has greatly facilitated their isolation and 
has confirmed their causal relationship. 

Paronychia: I his U an infection of tin semilunar fold at the base of 

the nail. 

Erysipelas: I hi^ is an infection of the lwnphatics and tissue spaces of 

the cutis m w hi* h the organisms mulliplv. Vivid rosy red colour with raised 
margins appears at the site of infection. In coloured patients, however, the 
ros\ red colour is replaced by a reddish brown tint. Swelling is not marked 
except in lax areolar tissues. \ csiclcs may form supertieiallv and are 
^eneiall\ found near the ed^es. Suppuration is uncommon. The lesion 
continues to advance more or less rapidlv and generally spreads centrifugallv, 
the central parts tending to fade as the affected aria widens. \ he organisms 
aie usuallv found irowded m the lvmphatics at the spreading margin. The 
cellular infiltrations are chietlv composed ot mononuclear cells which abound 
in 1 ;tr4-Ti numbers at tin margin. The neighbouring Ivmph glands are usually 
involved and then max be a certain amount ot lymphangitis, characterised 
hv wavv led lines. Ihe constitutional symptoms arc due to the absorption 
ot toxin and, in tatal cases, a general septicaemia supervenes. This condition 
commonlv affects the face and head hilt mav also be seen in other parts of the 
hodv. Cases ot tai ial ervsipelas often result from the extension of infection 
I mm tin- nose and the nasal sinuses. Infection is believed to take place 
through a breach of the integument, though in some of the so called 
idiopathic forms, no such external abrasions can he observed. Originally, 
it was supposed to be due to a special strain of Streptococci, Str. erysipelatis, 
which now appears to he identical with Str. pvogenes (hiemolyticus). 

Cellulitis: See under Staphv lococcus. 

Ludwig’s angina : ibis is a condition ol cellulitis of the submaxillary 
region of the neck, resulting from an extension ot infection in the* mouth 
or throat. 

Lymphangitis: This is an inflammation ot the peripheral lymphatic 

vessels which stand out as wavy red lines in the skin, ihe larger lymphatic 
vessels in the deeper parts of the skin and subcutaneous tissues are involved 
and thus the condition differs from erysipelas where the small lymphatic 
vessels in the corium are the seats of inflammation. In this connection it 
should be noted that such streptococcal infection is often associated in the 
tropics with filarial lymphangitis. 

Wound infections: -Tills is of frequent occurrence in the post mortem 
rooms and operation theatres and is therefore familiar to pathologists ant 
surgeons. The injuries received may not be necessarily severe, as a small 
unobserved cut or a minute prick through the rubber gloves, received during 
the performance of an autopsy or operation, m:yv suffice for a tapid an 
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infection. There develops an acute spreading lymphangitis, with enlargement 
of the cpitroehlear and axillary lymph nodes and high fever. Death from 
general septicaemia may occur, depending on the virulence of the organism 
and the resistance of the individual. To guard against such sepsis in the 
post mortem room, the following rule, as recommended !>v the Pathological 
Society of Great Britain and Ireland, is to be adopted. 

The greatest danger <>l all and the one chiefly responsible for serious 
and fatal infections, is pricking the finger. If, timing an autopsy, the 
pathologist should prick himself, however slightly, whether with the knife 
or on a jagged bone or tooth, even if he is in doubt whether he has been 
pricked at all, it is his duty to stop at ton e, remove his gloves and make the 
wound bleed by digital compression, causing congestion hy centrifugal force 
(swinging the arm}, by sucking and putting the hiiml in hot water. There 
should not be a minute's delay in carrying out these prmedures and the 
autopsy should be completed by some one else; rest of the injmed part is 
essential . ” 


Infections of the respiratory tracts :— 

Mouth and throat: Though infrequent, as compared with imn- 
luemolytie streptococci, the luemolvtie ours max <»<<m as i mnim nsaU in the 
throat. Any local pathological process favours then lodgment and it has 
been found that the natural abode in such cases is the ervpts <»! unlualthv 
tonsils and adenoids. Such persons who harbour tluse organisms, max a< f 
as carriers and serve to disseminate the germs. Thex max also hi m sponsible 
for the occurrence of puerperal sepsis and stcondarx broncho-pm mnonia. 
Hence, it is often urged that persons attending operations and < onfim nu nt 
cases should wear masks, not so much lot their own salt tv, but tor tin pro¬ 
tection of the patient. Similarly, a person with a bad throat should not hi 
allowed to enter the ward of infer tioiis diseases without a mask. 


Epidemic sore throat: As alrcadx mentioned, sut h cases max often be 
traceable through milk supplv to a dairx farm i vide p. 



Fig. 132. 

Follicular tonsillitis. 


In the throat. Sir. h.cmolv- 
tieus produces follicular tonsil¬ 
litis (fig. 132) and ?cute sup¬ 
purative or peritonsillar abs¬ 
cess (Quinsy) (Fig. 133). From 
such places tlu infection max 
spread in various directions, 
c.g. (a) to the Ivmph glands 
of the neck, (1>) into tin at res- 
sorv nasal ail sinus* s, (e) hv 
the Fustaciiian fuhr into the 
middle ear and (d) into the 
general circulation producing 
a condition of septicaemia *>r 
p\ a*mia. 



Fig. 133. 

iVritonMlInr alisret 
tUuinay). 
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Lungs: — The ha-mnlytir streptococci arc mainly responsible for the pro¬ 
duction ol broncho-pneumonia, l,oth primary as well as secondary. The 
attcr often arises as a secondary complication of influenza, measles, diphthe¬ 
ria, scarlet lever, w hooping < <>ugh and other acute infectious diseases and 
also oc< uts in patients siificring Irom septic processes in the mouth or throat. 
In these conditions, the organisms are encountered in the throat as secondary 
invaders and the primary inlection only predisposes their invasion. They 
may spread into the lungs by the bronchial route and by the blood stream. 

Empyrtihi , lolloping certain cases of pneumonia, specially after influenza, 
measles and scarlet fever, is often due to Str. hsemolytieus; in children D. 
pneumnm;i* is thr frrqurnt cu use. 

Scarlet fever:--I his disrasr is vvrv n)ij,mon in tmipvraU* climates 
and is almost unknown in tin- tropics. A specific type ot haemolytic strepto- 
rocriiN, otten called Str. scarlatina*, is supposed to be the etiological ag^ent. 

I he organisms gain entrance into the throat where they produce their initial 
lesions and then invasion into the blood ma\ take place, resulting' in sep- 
tiea-mia. In these rases, the general symptoms, as well as the rash, kidney 
and other lesions, art all due to the effects of the toxin. Hence, toxaemia is 
the main teatun* of the disease. 

\ potent toxin has been prepared from this organism and a test has 
been drs< ribed b\ (ieorge K. Dick and Cvladvs Dick (0)24), by means of w hicli 
prisons susrrptible to scarlet fever can be found out. This is what is known 
as tin Dick test and is carried out as follows: - 

Dl( K 7 * F. S' 7 ‘: \bout <>*2 e.e. of 1 in 1,000 diluted toxin is injected 

II » acut aneouslx into the forearm. kor control purposes, a similar quantity 

<»l diluted toxin, heati'd to . tor 1 hour, is injected into the otner loie~ 

aim, or a little below, into the same forearm. The readings are taken at 
\ar\ing intervals, mh h as h hours, 12 hours and 24 hours. A positive reaction 
is < haracterisrd h\ the appearance* ot a bright scarlet crvthema which attains 
its maximum in 24 hours and then gradually disappears in 3 days’ time. Bv 
Ibis test it has been found that ehildren, between the ages ol 6 months and 
^ v cars, are most susce ptible-. 

As toxiemia is the main feature of tin disease, recovery is assoeiated 
with the de\ elopment of an antitoxin in the blood. Serum bom such per¬ 
sons, when injected into an area of skin rash of a patient suffering from 
searlet lever, produces blanching of the area injected. This is, therefore, a 
definite proof ol the neutralisation of the toxin by the antitoxin w vivo and 
can lie utilised as a means ol diagnosis of the disease. This phenomenon 
was fust recognised by Schultz and Charlton and is now known by their 
name. 

S('lin.TZ-l'U.\h'i:ro\ REACTION:— About o -> o.e. ol 1 in 10 dilut¬ 
ed antitoxic serum is injected intradcrmally into the newly developed rash 
of a patient suffering from searlet fever. Such an injection causes blanching 
and disappearance of the rash in the area of inoculation within 12 to -.4 
hours. The reaction is specific, as such a blanching dois not occui 
other skin rashes. 
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Infection of the genito-urinary tracts :— 

Kidneys: —Acute nephritis very commonly develops in tlu* course ol 
Streptococcal infections. Xcphritis which is often a complication of scarla¬ 
tina, is due to its toxic phenomena; it is also observed that those who sillier 
from a severe attack ol tonsillitis develop nephritis. 

Puerperal infection: —The starting point of such an infection may be a 
perineal wound or a tear in the \ aiyina or the cervix, but, in most cases, it 
is from the interior of the uterus. After parturition, the placental site is 
analogous to an open wound and thrombosed sinuses communicate directly 
with the uterine cavity, thus affording an easy entrance to the in\asi\e bac¬ 
teria. The commonest organisms are streptococci, the majority bciiijn of the 
hccmolytic type. The infection usually results from an exogenous source. 
The organisms are transmitted, either by the attendants who, at the time ol 
labour, are harbouring \ indent strains in tlu ir throat and nose or b\ um lean 
instruments and dirty hands ol nurses and doctors. The possibility of an 
auto-inlection has been raised, but it has been su^csted that when such an 
aul(factions infection occurs, it is mostly of the non-h;vmo1\tic Iy pe. 

The lesion most commonly encountered is endometritis. The spread o( 
the infection may take place in the following ways:- (i) H\ the ly mphat ics, 
producing metritis, parametritis, or peritonitis; (ii) by the wins (Rio. iy|i, 
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leading to srptir;i*mia and py;cmia; or (nij by the tubes, producing salpingi¬ 
tis, oophoritis and even peritonitis. 

In trot ion ol thrombi may result in septic phlebitis whirh may spread and 
involve the internal iliae wins. 1 his may extend through the common iliac 
In the external iliae veins below, and may produce phlegmasia alba dolens . 


Testes and Epididymes: —Strcptocoeeal infection of the testes and the 
rpididxmes is \er\ common in our country and is often latal. In most ot tlu* 

( ;im s, filarial inleelion is also present with or without any active manifesta¬ 
tions ol the disease. Hie condition is ushered in by an acute attack of lym¬ 
phangitis or an inflammation of the testis or epididymis, associated with a 
.sharp rise of temperature, with chill and ritfor. The parts become intensely 
painful and tender. A \ er\ marked decree o! toxaemia is commonly present. 
Within * or | daw, all the fe atures of a j*ra\e scptie;emia supervene and the 
i);11ii*nt siii eiimh^. In Midi a e ase, it a blood culture is done, luemolytic 
strept<M.ue i ina\ he isolated. When the- resistance of the individual is very 
strong, the- acute process passes into a subaemte sta^e, with localisation of 
the inlcetion anti formation of an abscess inside the tunie'a \aipnalis. 



Fig. 135. 

Infect mn with hi«niof> t uu> in HlariaT 

mvliitU 'loti- whirl i- -it 11:1 toil m \ K 
centre iia.- been cut <n i ami cxpo.-ctl. oic 
cavity ni t he tunica vatrmah- rout aim* 
iiumM*- of fihnu M icro-lilarm banrrotti amt 
Str. hemolyticu- were a l-o fonnil in tlio 
oxtidaie. The patient died of >t rrptororca 
sept ic;etniu amt on ftost mortem, all the 
Hgns of acute inltaiuniation were oh.-ervrd 
extend i tie from the testis along t tic 
spermatic rord into the prntonral cavity. 


' 1 I’ll* j^ross appearance (Fig. * 35 ) 
Of Midi a fulminant streptococcal 
intention is very constant and cha¬ 
racteristic. The cavity of the tuni¬ 
ca vaginalis is tilled up by a fibrin¬ 
ous mass, with varying amounts of 
slight Iv cloudy fluid m the depen¬ 
dent part, the surfaces of the tunica 
showing ha-morrhages. 1 he epidi- 
(hmis and the cord are ct|uall) in- 
xi)hcd and are enormously thicken¬ 
ed, being infiltrated with a similar 
tvpe of exudation. The process is 
not limited to the scrotum, but is 
found to extend along the structures 
of the cord into the abdominal 
cavitv and the acute congestion, 
hicmorrhagc and fibrinopurulent 
exudate may he traced along the 

retro-peritoneal lymphatics and 
blood vessels, on either side ol the 
vertebral column, up to the pillars 
of the diaphragm. All tlie lympha¬ 
tic glands in the inguinal and para¬ 
vertebral regions arc enlarged, 
swollen and intensely congested. 


ic acute stage, the fluid with- 
from the tunica vaginalis by 
ire with a syringe and needle 
a very high albumen content, 
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with IVw or no cellular exudates. As tin* process becomes subacute or 
chronic, lar^e numbers of pus cells appear in it. Micro-lilaria are often 
found in such a fluid. The writers have frequently demonstrated micro¬ 
filaria in the hydrocele fluid and adult filaria in the dilated lymphatic varices, 
as well as, in the lymph nodes. The streptococci which have been isolated 
from such cases are always of the luemolytic type and prow well, both under 
aerobic and anaerobic conditions. 

The etiological relationship of this streptococcal infection to tin* presence 
of filaria has not yet been understood. It may be* that under normal condi¬ 
tions, both the organisms remain in the area in a condition of svmbiosis and 
it is the sudden disturbance of this mutual control which may be responsible 
for the acute attack. Or it may be that the filarial worms only make the 
soil suitable for the growth of streptococci, either by the irritant action of 
tin* former or their toxin or producing some alteration in the tissue environ¬ 
ments by an as yet undetermined factor. 

Streptococcal septicaemia and pyawiia:— Sometimes, the localised 
lesions may result in a generalised infection, the organisms quinine entrance 
into the blood stream, producing septicaemia or pvicmia. The latter condi¬ 
tion is not so common as compared with staphylococcal infections. 

Such generalised infections often follow (i) puerperal sepsis, (ii) ervsipe- 
las, (iii) scarlet fever and in our country, (iv) acute orchitis and funiculitis. 
It inav also follow wound infections, obtained from injuries received in the 
post mortem rooms or operation theatres. In most cases of streptococcal 
sepliCfi'mia, the organisms are constantly discharged into the circulating bloo<l 
from a focus of infection where thev are rapidlv multiplying. There is hi^h 
fever, with or without daily remissions, and exacerbations with chills (hectic 
type of temperature). Blood changes are characterised by a hi^h leucocv- 
tosis and destruction of red blood corpuscles producing amemia. Spleen, 
in such cases, is enlarged, soft and ditlluent in character which is verv tvpi- 
cal of a septic;emic spleen. I’suallv, verv few localised lesions are found in 
association with streptococcal septicaemia. There inav l>e a focus in the 
lun^ (broncho-pneumonia), joint (arthritis) or heart (endocarditis). T Ik- 
writers have seen a very interesting case of streptococcal septiciemia 
(hrcmolytic strain) supervening on an acute orchitis and funiculitis, with a 
localised lesion in the pulmonary valve. The ^ross appearance of such a 
testis is shown in I r 1^4. 135 (Indian Medical (iazette Oct. 1(133). 

Endocarditis: -Strep.ococcus hiemolytieux is sometimes the cause «>f an 
acute bacterial endocarditis and the character of the lesion is of the ulcerative 
or malignant type. I he vegetations are soft and easily friable and, on beinj^ 
detached, act as emboli which may ultimately lodj^c in different jiaits of the 
body. 

Streptococcal meningitis:---I his mav be a manifestation ol general sep- 
licfemia, but as already mentioned, it is most eommonlv due to the extension 
ol an infec tion from otitis media and mastoiditis. 

Notk: — lo isolate the organism from such cases of septiciemia, about 
10 c.c. of blood, should be withdrawn ascptically from the patient. A poi- 
tion of it should be left for mouse inoculation while the major portion of it is 
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planted into a flask of glucose broth. When cocci are present only in very 
small numbers m the bl«,od, animal inoculation method is the best,'as blood 
culture may fail to show any growth. 

PATHOGENICITY OF STREPTOCOCCUS VIRIDANS 

Compared with the hemolytic streptococci, these organisms are of a 
lower virulence and produc e a low grade inflammation in which suppuration 
and tissue destruction are not marked. \ hey are mostly associated with 
lesions which are subacute or chronic in nature, t hus, endocarditis due to 
Str. viridans is not so acute and destructive as compared with that produced 
by the luemolytic group. Many workers have also observed that a great 
tendency of these organisms is their selective locahsations on certain struc¬ 
tures, such as stomach, gall-bladder, endocaidium and synovial membranes 
of joints. 

Pathogenic lesions :— 

Teeth: —Pyorrhea alveolaris and apical abscesses are generally produc¬ 
ed by this organism. Here, they constantly multiply and produce toxins 
which are absorbed into the circulation. The bacteria art also discharged 
into the general blood stream, producing bactcrkemia and a low grade sep¬ 
ticaemia. Many obscure inflammatory lesions may ultimately be traced to 
such apical abscesses produced by these streptococci. 

Throat: -Streptococcus viridans causes chronic tonsillitis and pharyngi¬ 
tis. The infection may extend through the nasopharynx and its various con¬ 
nections and max start up inflammatory foci in those places, as already stated. 

Appendix: — Roscuttiv and Meyer have emphasised that non-haemolytic 
streptococci (Str. viridans) are the organisms most commonly responsible 
lor the production of inflammatory lesions in the appendix (appendicitis). 

In this connection, it should be remembered that the chronic inflamma¬ 
tory foci, produced by Str. viridans in the various places mentioned above, 
serve as arias of (mill sepsis, from which the bacteria and their toxic 
products are constantly absorbed into the general circulation, producing 
serious constitutional disturbances, such as peptic ulcer in the stomach and 
duodenum, chronic cholecystitis and cholelithiasis, subacute bacterial endo¬ 
carditis (endocarditis lenta) and chronic arthritis. 

Peptic ulcer (Rosenow):—Pathogenesis of peptic ulcer, according to 
modern conception, has been found to be the result of inflammaior) 
lesions produced bv short-chained cocci, the Str. viridans. In the majority 
of patients suffering from peptic ulcer, some sort of focal sepsis may be 
found, and it is from these areas that Str. viridans gains entrance into the 
circulation. Owing to their selective affinity, they are deposited from the 
blood stream into the submucous coat of the stomach and first part of the 
duodenum (supra-ampullary portion), where they may set up an acute or 
chronic inflammation. These may subsequently break down and form small 
ulcers or erosions. Thus, peptic ulcer is the result of a hematogenous infec¬ 
tion with short-chained streptococci absor! ’ * m the areas of focal sepsis, 
specially pyorrhoea alveolaris and apical i.>>cess. 
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Chronic cholecystitis (Strawberry gall bladder of Wilkie or cholcsterosis 
of gall bladder of MacCartey) (Fig. 136).—In the vast majority of cases of 
chronic cholecystitis, these short-chained streptococci, producing smooth 
non-h;emolvtic colonies on blood-agar, are found to be 
responsible. Cholecystitis has been considered to be a 
blood-borne infection by Str. viridans, the organisms 
reaching the submucous coat of the gall bladder 
through the cystic artery. From this intramural inlec¬ 
tion, the organisms infect the bile, but owing to the 
antiseptic power of the latter, the growth of strepto¬ 
coccus is inhibited. Hence, culture from bile is lound 
to be sterile, although growth is obtained from the 
muscular and submucous layers. In o\cr So per cent, 
of the cases, isolation of the organisms is also possible 
from the cystic lymph gland which may be enlarged to 
the si/e of a small bean. 

Heart: -The lesion most commonly encountered 
is that of the valvular endocardium, producing a con¬ 
dition called subacute bacterial endocarditis or endo¬ 
carditis lenta. In this condition, the organism is said to 
have been derived irom an apical tooth abscess (Fig. 
137). Str. viridans usually tends to intect a eaidiac 
valve which has alreadx been damaged 1>\ disease o: 
otherwise. In this atlection, besides the changes m 
the cardiat \alves, petechial luemorrhagcs no ur under 
the skin. This condition is the result o| damage t<< 
the- capillary endothelium. In the kidne\, the glome¬ 
rular elements are affected, due* to the* lodgment of minute emboli Imm tin 
cardiac vegetations. Such a lesion of the kidm \ is known as mihuln t<>nil 
glomerular nephritis and is characterised 
by the formation of numerous small 
hemorrhagic spots (infarcts) in the 
organ, for which the latter is often des¬ 
cribed as flea-bitten kidney (Fig. 13S). 

Another point to be remembered is that 
these lesions are non-suppurative* in 
character. In such a condition, the urine- 
shows albumen and red blood cells. This 
is very constant and is of great diagnos¬ 
tic help in this form of endocarditis. 

Relation of Streptococcus viridans to acute rheumatic infection: 

—Poynton and Paine and later Rosniow isolated Str. viridans Imm 

the joint lesions of rheumatic cases. The latter has also been able to repro¬ 
duce the disease in animals (rabbit) bv injecting these organisms, isolated 
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Kkiairram of apical tooth abscess 1 A 
compared with the normal fit*. 



Fig. 136. 

Strawberry jral! blad¬ 
der with a Military 
stone. The white 
specks represent the 
deposit of cholesterol 
ester iri the submucous 
coat. 
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from the joint lesions of rheumatic eases. Others are sceptic about it and 
consider them as causal commensals. Hence the question is still open, hut 
it is to he remembered that tonsillitis, arthritis and cardiac lesion are inti- 
match associated with one another and with the presence of these organisms. 



PATHOGENICITY OF 
STREPTOCOCCUS PNEU¬ 
MONIA: —As already mention¬ 
ed, this strain belongs to type 
III D. pneumonia*; hence, its 
pathogenic lesions will be the 
same as those of the latter. 

PATHOGENICITY OF 
STREPTOCOCCUS FjECA- 
LIS (ENTEROCOCCUS):— 

Streptococcus kecalis is proba¬ 
bly a natural inhabitant of the 
intestinal tract. It is a sapro¬ 
phytic microbe and is usually 
non-pathogenic, but if conditions 
are suitable and environments 
are altered, they may become 



Fig. 138. 

Subacute bacterial eiulocarilito with multiple 
iurmnrrhuiric infarct< 111 the kulncy itlea-bitteu 
knlney.i. 


pathogenic. Kor instance, in 
cases of typhoid fever, in which 
ulceration of the bowels takes 
place, these cocci might get into 
the blood stream, producing- an 
additional bacterkemia. Under 
siu*h circumstances, they may be 
isolated from the blood o! the 
patient. Whether they have any 
recognisable elicct on the course 
and prognosis ot the primary 
disease, is a matter which has 
not vet been settled. In this 
connection, it should be noted 
that a series ol observations 
was recorded by Shanks, Khan 
and TribeJi (utfo) in which a 
bacterkemia with Str. kecalis 
(Enterococcus) occurred as a 
complication of typhoid lever. 


Tlicv concluded from their observations that tin- organism " as a temporary, 
and n lativi l\ innocuous, invader of the blood stream. Numerous cases have 
also been recorded bv various writers (.h iilii'u's mill Houhr, ii)i)6, i ' 
i *)jo) , in w bit'll thev have observed baeteii.i mia with Str. hvoalis, eit u-r 


secondarily to another infection or primarr 
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THERAPEUTIC CONSIDERATIONS 

Streptococcus infection in man, as a rule, does not, to any marked 
degree, confer immunity against these bacteria. Thus erysipelas may occur 
repeatedly in the same individual and even in the same anatomical locality. 
When a streptococcal infection is overcome, it is not due to the development 
of anv bactericidal power or anti-toxic' property ol the serum (except in 
scarlet fever), hut is the result of cellular delence. Ot the cells, the* poly¬ 
morphonuclear leucocytes are hardly responsible in preventing the spread 
and it has been shown that an exudate* rich in polymorphonuclear leucocytes 
could not arrest the extension of streptococcal infection. 1 In* cells whic h 
are concerned in this proe'ess are* the* wandering mononuc lear cells, belonging 
to the reticulo-endothelial system. The*sc* mobilise* at the site ol infection, 
and it is after such a localisation, that the* polymorphonuclear leucocytes, 
aided bv the* opsonic* substanc es, cun dispose ot the* streptoeocci. 

Serum therapy:— An antiserum (antibacterial) has bee*n pre-parcel 
against streptococci and has been used in the* treatment o! streptococcal in- 
fee'tions without much sue'c'ess. This is so because the* serum does not con¬ 
tain anv antitoxin which can neutralise tlu- effects ol streptococcal toxins, 
nor does it possess anv bactericidal properly. It contains substances which 
promote phagocytosis. The beneficial results that lia\e been met with in 
some cases by the use* e>f suc h sera, are* not eluc- to any spec ific* prope rties, 
but are* the result of stimulation ol the reticulo-e*ndothelial system by non¬ 
specific serum proteins. 

Lately, a potent antitoxic* serum (1 c.e. neutralising at least 1,000 skin- 
test doses) has been prepared against the- luemolytic* strain ol streptococci 
causing scarlet fewer and is being used extensively in the- treatment ol that 
disease with marked succ ess. Suc h a serum c an neutralise* the toxic* etle-ets 
of the organisms. As ac ute* toxamia is a feature of most o! the- fatal c ases 
ol stre*ptoe*oe*c*al se-plica-mia, this anti-scarlatinal serum may produce- bene¬ 
ficial (‘fleet in severe cases of infection with Str. ha-mol vt ions, other than 
sc arlet fever. 

Vaccine therapy: --Specific vacc ines are olten used as a theiapeiitic 
measure and when injected in gradually increasing doses, undoubtedly raise 
the opsonic power of the* serum. They may be used as euratiw agents in 
many chronic* streptococcal infections, where* it is always preferable to use 
autogenous vaccines. As a prophylac tic* measure*, it is often combined with 
catarrhal and pneumococcal vaccines. J11 scarlet fever, however, an aeti\c 
immunity can be produced by injecting gradually increasing doses of scar¬ 
latinal toxin, which probably lasts for several years. This method is used as 
a prophylaxis for scarlet fever and is carried out by giving } weekly subcu¬ 
taneous injections of scarlatinal toxin, diluted in saline, so that 1 c.c. con¬ 
tains 500 ‘skin-test doses.' (‘Skin-test dose’ is the unit of sc arlatinal toxin 
and is defined as the smallest amount of toxin which is sufficient to cause an 
erythematous reaction, 1 cm. in diameter, in the skin of susceptible persons, 
within 24 hours). The dose* varies from 0*2 to 2 c .c*., in the case ol c hildre n 
under 12 years, the third dose should ne ver exceed 0 5 c.c*. 
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\ cillon (1H93) first described these organisms under the name of Micro¬ 
coccus IcMidus, owing to the production oj a foul odour in culture. At pre¬ 
sent, the literatim* contains many references about the anaerobic strepto¬ 
cocci and several varieties have been isolated from various suppurative and 
gangrenous conditions of the urogenital tract, appendix, lungs and serous 
membranes. Normally, these are frccjucntlv found in the vagina and on 
other mucous membranes ol the body. They are chained cocci, sometimes 
appearing in pairs. The) stain well with ordinary aniline dyes and arc* (iram- 
positive. They arc* strict!) anaerobes, as mere traces of oxygen are sufficient 
to inhibit their growth. Ihey grow best at the* bodv temperature. Neu¬ 
tral or slightly alkaline* reaction of the* media is favourable for their growth. 
Eor cultivation, the anaerobic jar of Kilch s and Mc Intosh may be used. The 
organisms grow in all ordinary media, preferable those* containing glucose*, 
scrum or blood. Deep-glucose agar has been extensively used lor their 
cultivation. Regarding biochemical reactions, they possess no hiemolytic 
^properties, their fermentation rcanions arc* \cry variable and they produce 
gas and puticfa< ti\e odoui in culture medium. Experimental inoculation of 
cultures into laboratory animals gem-rail) pro\es negative. As regards their 
pathogenic role in human beings, some strain plays an important part in the* 
production <»l various septic conditions, such as adnexal suppuration, septic 
thrombo-phlcbitis, and secondary lung abscesses, following puerpi ral sepsis. 
Thcv ha\c also been found in pulmonary gangrene, gangrenous appendicitis 
and septic endocarditis following septic abortion and, in particular, they deter¬ 
mine the putrid character of the lesions concerned. 
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D1PL0C0CCUS PNEUMONIJE 

(Pneumococcus; Streptococcus lanceolatus) 

This is tin* micro-organism which causes lobar pneumonia and broncho¬ 
pneumonia. It is one of the bacterial species in which the phenomenon of 
autolvsis is verv pronounced and constant. These are cocci arranged in pairs. 
Here the daughter cells after cell-di\ision remain united lor a short period 
and then separate before any further division takes place-. 

HISTORICAL: — A capsulated diplococcus causing septica*mia in rabbits 
was first desc ribed bv Pasteur (1SS1) but he did not, in any way, associate tins 
micro-organism with lobar pneumonia. Talanitm (IKS^} first accurate ly 
described the Diplocoevus lanceolatus. His work was confirmed and supple¬ 
mented bv Albert Fraeukel and Jf V/i hselhanm who published tin it results 
independently in iNKO and established, be\ond cpie-stion, the importance «»I 
I). pneumonia* as the etiological factor in a large- majority of the cases of 
lobar pneumonia. 

HABITAT: —()nl\ in 20 per cent, ol the c;ims, they are found as normal 
inhabitants in the upper respiratory tracts of man, and of these, yi> per cent, 
belong to Type* IV ((iroup IV). 

MORPHOLOGY (Kig. 13 <») : Ibis is best studied when the ojganisms 
grow inside the animal body or m culture media « ontaming serum, blood or 
any body fluid. 

Shape :— The- coe*ci are- lance-shaped with their bases apposed !<• tael) 
other, and he-nre- the y are- c alled 1 )iplo< o<< ns or Stt < pto< oee us lain ee il.it us. 
They may be- o\al also. 

Arrangement: -It is a diplococcus. In fluid c ulture- media, two or 
more* pairs may remain attached forming a slant chain. I bus, one max 
mistake it for a St rcptocoe ciis. 

Capsule formation: — It posse-sse-s a we ll de fined c apsule whu b appears 
as a cle*ar halo when not stained by special methods. It is important to 
remennber some- points about the- capsules ol 1). pneumonia*: 

(i) 1 he* capsule* reac hes its fullest de velopment m the animal tissue s and 
the* organism tends to lose- il in an artific ial culture. 

(ii) Its presence- is distinctly associated with the xirulencc of the 
organism. 

(iii) It behaves as an antigen and gives rise to the* formation of an anti¬ 
body, baeUriotropin (immune opsonin) 
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Fig. 139. 

'Uiciir ot f» 11 w Hioujiii? ttic* riinrplin]nL r i' , ul character? 
-*1 Ihijlitravcu* put umonm . .Note the lam-e-shaped 
i 11 'lernrc -urmuuded by .1 Hear halo, representing 
tin »ap-ule Niiuc of the encci have been phagocy 
to-ed b\ the pul\nmi phnnuHeur leucocyte-. 


\i\) 1 lie capsular Mibsianec contains a pohsaccharide which is respon- 
sihlt for the t \ p«-sprtificit \, and its chemical composition varies in different 
t>p< s lint i- constant lor a particular tvpe. 


(\ i I ran.slormation ot colonics from smooth to rough forms is associated 
with the disappi aram * ot the < upside (Fig. 140), loss of virulence and tvpe- 
spmticitN oI the organisms. 



Fir. 140. 

Ihatrrair. rvpre-entim: 
rouL? h non apMilatcd 


th« 

and 


STAINING REACTIONS: -It stains readily 

with tlie ordinary aniline dyes. It may be 
rapidly and conveniently stained with warm 
dilute carbol fuchsin. With (Gram’s method of 
staining, it is (» nun-positive. Special methods 
ot staining are required to demonstrate the pre¬ 
sence of the capsule (see page 27). 


I> i> 

!«’ n»Hgh l 
form, N mi 

1 1 > drat* 

s oon killed b\ the resulting 
specially in liquid media. 


CULTURAL CHARACTERS:- It is aerobic 

and requires an enriched medium for its culti¬ 
vation. Presence of glucose in the medium 
promotes growth at first but the organisms are 
aciditx. The cocci tend to die out very quickly, 


In broth, the organism *4rows, producing moderate turbidity. 1 he cul- 
tlire becomes clear m qS hours due to rapid autolvsis of the cocci in fluid 
medium. 


In nutrient agar, 1 ). pneumonia 1 generally refuses to grow In aijai 
with blood, serum, hydrocele fluid or ascitic fluid (p. bo), the 1 oiganisms grow 
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very well. Colonies are small, delicate, discrete, transparent, moist and 
flat. In blood agar, the colonies produce a dark green colour like Str. viri- 
dans, due to the formation of methamioglobin (Fig. 141). I here may be a 
zone of partial haemolysis (a type of haemolysis). 

Colony variation: —Two types of colonies are met with in 1). pneu¬ 
monia 1 . The one with a smooth, shiny surface (smooth type) and the other 
with a slightly granular surface (rough type). The former is usually more 
virulent than the latter. 



Fig. 141. 

Colonies of JJ, pneumonia• 
on blood agar, showing the 
characteristic flat colonies 
surrounded by a green 
halo- 


BIOCHEMICAL REACTIONS: — 

(i) Fermentation Reactions: — D. pneumo¬ 
nia ferments the following sugars with the produc¬ 
tion of lactic acid: — 

Mono-saccharides—(ilucose, levulose and 
galactose. 

Di-saccharides—Lactose, maltose and saccha¬ 
rose. 

Tri-saccharides-- - Raflinose. 

Poly-saccharides— Imdin, dextrin. 

The glucoside, salicin, is not fermented. 

For the study of sugar fermentation, Hiss’s 
serum water media (p. 7 2) should be used. 

(ii) Oxidation power: The conversion of 
haemoglobin into met haemoglobin is an example 
of oxidation process. 'Hie metluemoglobin is only 
an isomer of oxyhiemoglobin and is tormed by the 
oxidation of the iron in the latter, converting it 
from the ferrous into the ferric state. This c hange 
occurs only under aerobic conditions. 

McLeod and (iordon have found that 1 ). pneu¬ 
monia* produces hydrogen peroxide in cultures 
under conditions of good aeration. As no catalase 
is produced by the organisms, the peroxide thus 
formed is not destroyed by them and lienee, it may 
accumulate to such a concentration as to cause 
death of the* organisms. This is one ot the factors 
which will !>e taken into account to explain crisis 
in lobar pneumonia and death ot I). pneumonia 1 
in the consolidated areas. 

(iii) Solubility in bile: It has been found 
that bile exerts a specific bacteriolytic effect on 
I). pneumonia* and this serves as one* of the 
important tests for the differentiation of the 


organism from the Streptococcus of the viridans group. In this connection, 
it should be noted that the bile salt acts simply by hastening the usual 
autolytic process. 
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Technique of testing bile solubility :_t«, produce Ivsis, sterile ox-bile 
is added to a broth culture of I). pneumonia*, in a dilution of 1 in 10. The 
culture becomes clear in 10 minutes. The substances most actively con¬ 
cerned in the reaction are sodium salts of bile. Hence, instead of using 
bile which varies in action according to the quantity of the salt present, 
it is better to use a solution ot pure sodium taurocholate for the purpose. 

I o carry out the test, a 10 per cent, solution may be made and kept in 
stock, as it keeps indefinitely, and 0*1 r.c. ot this solution is added to a 
5 c - r * kroth c ulture* or suspension ot I). pneumonia*, whic h will become clear 
in about 10 minutes. I he* test may also be done on a slide either by mixing 
a little lluid culture* or by emulsifying a little* growth from blood agar with 
a little bile* salt solution and watching under the high power of the micros- 
t*ope*, when the* cocci will be* seem to undeTgo Ivsis. 

VIABILITY: I he* vitality ot 1). pne umonia* cannot he* maintained in 

artificial media for a long time*. In fluid media, the organisms die out 
rapidly it kept in the incubator or at room temperature. Rapid autolysis, 
howe\e*r, takes place only after the* first 12 hours. On s<did media, thev 
stirvixc* for a considerable period i* kept in the* iec-ehcst or in sealed tubes. 
Hem e* tin* nee e*ssit\ for lreque-nt subcultures to keep the strain alive. In 
glucose* media, tin* organisms die* out very quickly owing to the increasing 
production <»f acid. 

If rapidly and thoroughly dried, the* organisms can survive* for long 
pe riods \u animal U.ssues. Xcutcld has sueceeded in keeping D. pneumo- 
ni;e alive* and virulent by ascptirallv taking out tin* spleens of mice dead ol 
pin umoceecus infection and preserving them in a Pe tri dish, in a desiccator, 
in a cool dark place*. In this way, the* organisms can be cultivated from 
tin* spleen and will be* found virulent for longer periods than when preserved 
in culture* media. fin* best way to obtain the organisms in pure culture 
from such a dried material is by injecting a suspension ol the desiccated 
spleen in bioth into a white* mouse and recovering them from the heart’s 
Mot tel. 

Iti s^ulum, file viabilitv of 1). pneumonia* seems to exceed that iti cul- 
tme*. In dried sputum, when prelected from light, the organisms remain 
alive* tor 1 to months. When e*\pose*d to diffuse light at ie>om tempera¬ 
ture, the v survive* lor 10 days. Recently, observations have been made upon 
the* pneumoe'occus viabilitv in finely divided sputum, i.e*., in a condition in 
which transmission b\ inhalation would he* possible*. It has been found 
that I). pneumonia* can survive* only lor about e»ne* to e>nc and a halt hours 
unde*r ordinary conditions ot light and te*mpe*ratuie*. 

Heat is ve i v injuiious to the’ life* of the organisms which are readily 
killed when exposed to a temperature of <x>°C. lor to 3 ° nun utes. 

TOXIC PRODUCTS OF D. PNEUMONIAS: — Se> far ne> specific pneu- 

niococcal toxins have been isolated or identified. Poisonous substances are 
no doubt liberated bv the death and disintegration of the organism Irom the 
split products of bacterial protein, but they fail to explain the abrupt onset 
of acute lever and toxa-mia. Though the --tuus.ns do not produce any 
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definite demonstrable exotoxin, it will be shown later that they secrete a 
specific soluble substance during their growth, which diffuses into the sur¬ 
rounding medium and is found in all body fluids. Such specific soluble sub¬ 
stance (S. S. S.) may be responsible for the intoxication in lobar pneumonia 
but there is no direct evidence that it is a general toxin. This substance 
can act as aggressin and is definitely related to the virulence o f the organism. 
The latter property does not depend on any toxin but on its ability to multiply 
in the tissues. Further it should be noted that this specific soluble substance 
is intimately associated with the capsular material which determines the viru¬ 
lence of D. pneumonia* and prevents their phagocytosis. When the specific 
soluble substances are liberated in larj*e amounts, they neutralise the anti¬ 
bodies circulating in the blood and thus the .substance on the surface of the* 
organism remains intact, whit'll prevents phagocytosis. I his favours mul¬ 
tiplication of the bacteria and it is known that cases with marked bad et hernia 
are invariably fatal. 

The organisms also produce Iwemohs'ms which brin^ about l\sjs o| i<d 
blood corpuscles (not luemodi^estion). Jaundice in some eases o! pneumonia 
and pneumococcal infection max be explained b\ the adion of this lucmolxtie 
toxin on the blood. 

SEROLOGICAL REACTION:- No antitoxin has \d been found in tin 

immune* serum or in the serum of patients who have recovered bom an 
at tack of pneumonia. 1 he substances w hn h have been definite lx c lemon - 
st rated in the* antisera are spi'iihc aii”ln!nnn\ and p> < 1 / pi I m s both of w hi< h 
appear to be identical siibstam es. \n immuiu subsiain c «the nature of 
opsonin ( hactcrintntpin I is also dex eloped . fix lat 1 e r m ill 1 ahs< 1 he speeiln 
soluble substance on tlu* surface of tin bade na, ihetebx promoting phago¬ 
cytosis and intracellular lx sis. Tlu bem fi< ial result that < ink s as a u suit <>i 
serum therapy is due to this baderiotropic effect. f hits, it will be seen that 
anti-pneumococcal serum max possess the following pn »pntii s; (i) agglu¬ 
tination reaction, (ii) precipitin teadion and (iii) opsonie adion. I he first 
two are utilised in the diagnosis of pm imm 01 1 ;i| mfedion and in finding 
out the various types of the organism, as tliex aie fouixl t « 1 be txpc-spu ifi« 
[vide infra), h or the latte r prope rl x, the* se rum is used t he rape ut icalb and n 
has been further observed that sue h a spee ifie e flee t of the m lum, i.e the 
protective power, is only present m I y pe I antiMia anel to a le sv extent in 
Type II antisera. 

TPYES OF DIPLOCOCCl S PNECMONLE 

It is a very interesting fad that although all I), pm umonia* have identi- 
v'al morphological and cultural charade list i< v, they « aimoj be ekissifieel as a 
single species. On the contrary, there* are very sharp seredo-ical dill et e*nt ia- 
tions. hor instance, if they form only one- specie s, all tlie strains bom 
diflerent eases should be* agglutinated by one* and the same* immune* serum 
and the same one* antiserum should protect mice when inoculated with the* 
various strains isolated from diflerent eases. Hut this is not feumd tee be 
true. The study e»f this interesting subject was started and earned on 
extensively in America and, as a result, it has been found that I), pneumonia* 
fell into 4 dill emit classes, designated as Types 1, |f % )|| ;m( | |\ j | U . M . 
have been determined by cross-a^^lutination and absorption tests. 
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Types I and II: Morphologically and culturally they arc typical 
I), pneumonia.*. Potent antiserum has been obtained'for each ol them, 
specially lor I vpc I. I hey are responsible lor the production of greater 
number ol cases ol pneumonia, although the rase mortality is not very high. 
These are the so-called "epidemic types" and are responsible for the produc- 
lion of 60 per rent, of cases of lobar pneumonia. 

Type III : - II N also ( ailed Streptococcus mucosus (Schottmullcr) and 
is recognised bv its characteristic cultuial property, producing mucoid 
colonics. It is \ erv \ indent and produces a ve ry dangerous tvpe of pneu¬ 
monia and accounts tor 15 j)cr cent, ol cases investigated. It does not give 
rise to an\ protccti\e serum. 

Type IV (< »roup 1 \ j: — I Ins mi hides a heterogeneous group, comprising 
all ol the I). pneumonia- which can not be serologically placed into the above 
three tv pcs. Ibex d«» not produce serious lesions and prognosis is not so 
bad. No antiserum lias been prepared. These are normally present in 
the nasopliarv n\ «»t human beings (10 per t ent.). 

Ttihlc slmwiii" thi- incidence nnd nmrhilily of dificrcni types 


lucid 


Specific ant’serum. 


I v pc 1 aiul 
I v pi II. 


(x * per cent. ; J ^ to ^o per 
1 \ pi 1 is mm h cent. 
m< mv comm*>n. 


Therapeutic antisera are 
available lor both types 
but they are much more 
potent for Type I. « 


I ype Ill. 
I vpc IV. 


1 5 per cent. 


J5 per < cut. 


50 per cent. Xo therapeutic ant’serum. 

]2 per cent. Xo therapeutic antiserum. 


Species and type specificity: IXerv coccus belonging to this group has 
bei-n found to consist ot two structures, \i/., the havtciial bod\ and the 
rap-nlc, and tin-..- have boil subjected to a \ try critical scientific study. 
The lun lrriiil y consists ol a material which is nuclcoprotcin in nature and 
is tlu mimic 111 all III. types <>l the organism (Fig. 14-’)- It gives a positive 



■ ■ » I'll ^ - ^ ■* 

IK pneumonia'. The Mmiatn* 
tin* capsular antnron C vano- 


Fig. 142. 

r >t mot tiro ot" 
ant 1 iron N i- the sainr 
m oaoh type, as shown 
of -hadimr. 


various typos of 
nil typo.-, whereas 
by different Shades 


precipitat ion 
type-spceiiic, 


react ion 
although 


with all the t\pe antisera and cannot, therefore, be 
i, ^ species- specific. Fliis bacterial protein is highly 
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antigenic, bedng e'apablc of provoking a strong antibody response in animals. 
It appears in solution if) fluid cultures rather late, i.e., only after the 
organisms have begun to undergo autolysis which takes place alter i hours. 

The capsular pari ol the organism, on the other hand, consists ot a 
carbohvdrate material, polysaccharide in nature, and \aries in its < hemical 
composition in the different types, blit remaining strictly constant tor a 
particular tvpc (vide Fig. 141). To this carbohy drate* capsular moiety, the 
I). pneumonia* owes its t vpe-specificity. Doche/ and Ax cry (1017I ha\e found 
that this specific polysaccharide* substance makes its appearance in a 
pneumococcal broth culture at a very early st;tge and reaches its maximum 
concentration in about b to S hours, i.e., long before death and autolysis of 
the organisms have begun and therefore, this substance is not an autolytic 
but a secretory product elaborated by the \ital ae’tixities ot the bacterial cells. 
This specific soluble substance (S.S.S.) is present not only in culture* fluids 
but also in the animal body, in the sputum, urine, pus and other pneumococcal 
exudates in an infected person. Ibis specific soluble substance (poly¬ 
saccharide) gives a precipitin reaction with the homologous immune serum 
and thus can be used as a method for type determination. It has already 
been remarked that this S.S.S. acts like aggressin and is definitely related 
to the virulence of the organisms and its progre-ssixe elimination in the urine 
is significant from the prognostic standpoint. I he im reased amount in the 
urine is proportionate to the sexerity ol the disease. \ further inx'estig’ation 
of the property of these pol\saccharides has proxed that they arc completely 
devoid of anv antigenic power and are thus incapable of provoking any anti¬ 
body response in the animal. Hut although these carbohydrates are anti- 
genicallv inert, by themselves, they are (juite capable of behaving as good 
antigens when thev are used in combination with the bacterial protein, as 
found naturally in the intact I). pneumonia*. Stab a union ot the carbohy¬ 
drate (polysaccharide) with the pneumococcal protein (nudeoprotcin) < outers 
upon the former its power to act as an antigen and as soon as the link is 
broken, it is deprived of this function. These type-specific poly saccharides 
are, therefore, c lassed as hm ferial hapte.nes nr partial antigens. I he name 
“ haptenes ” was introduced by Landsteiner (i«)i<)) to a class of bacterial 
substane'es which, while they react specifically with antibodies, are, by 
themselves, devoid of any antigenic capacity. When, howexer, they are 
linked with the- bacterial protein, they become highly antigenic. 

VIRULENCE OF I). PNEUMONIAE: The ximlemee* of I) pm u- 

moni;v varies considerably . It may be comple te ly lost in artific ial cultures, 
specially in the* absence of body fluids in the media. It c an be exalted b\ 
passage through susceptible animals. High virulence is associated with 
vigorous capsular development. Rough foims are* generally devoid of a 
capsule and are therefore avirulent or xerx muc h less so. 

ANIMAL INOCULATION: I). pneumonia* is pathogenic to various 
animals. I he susc eptibility , however, varies with different specie s. The* 
rabbits and specially the* white mice arc* very susceptible. The guinea-pig, 
the rat, the dog and the sheep are* fairly re sistant and the* birds are prac tic ally 
immune. It should be noted that tin disease produced in susceptible animals 
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is not pne umonia lml a general spetic;emia. Blake and Cecil have been able 
to prodiu e, by intratracheal injec tion of virulent D. pneumonia* in monkeys, 
tvp.ral lobar pneumonia as in human beings, recovery taking place by crisis. 

PATHOGENICITY 

J\ \\IM.\LS: Spontaneous pneumococcal infection amongst animals 
is neither ver> important nor very frequent. Scattered references are, how¬ 
ever, available in the- literature about suc h inlection in laboratory animals that 
are eommonh used for experimental purposes. Blake and Cecil (1920) have 
observed the development of spontaneous pne umonia amongst monkeys which 
were* kept in eaptivitv in overcrowded places. The peculiar feature of all 
these mice turns is that thev are usually caused bv Group 1 \ . 1). pneumonia*. 

l\ III M I \ SI BJh( IS: — It lias already been mentioned that 1 ). 
pneumonia- are iound normally in ihe mouth and naso-pharvnx in about 
ju per cent. ot healthv individuals. Out of these persons, about 50 per cent, 
harbour organisms belonging to Group IV, which are least virulent and the 
lest harbour organisms belonging to fixed and virulent tvpes ( Types 1, II & 
III), being the so-called carriers. It has bent remarked bv American obser¬ 
vers that persons coming in contact with 'Types 1 and II pneumonia cases 
harbour the organisms in their throats in 40 per cant, of cases for an average 
period ot 2; class and thev max sutler from pneumonia on account of this. 
It has been further observed that I), pneumonia- survive in the throats of 
1 onvalt sc ent patients for as long as 00 daxs from the onset of the disease. 

Ihe normal lungs and bronchi have, however, been found to be sterile. 
Iln ejuestion arises that when an individual develops acute lobar pneumonia, 
whether it is tlu result ot an exogenous infection or an auto-infection from 
the organisms harboured by him. Although there is a possibility of the 
former tvpe of infection, specially during intimate contact with actual cases 
or convalescents, there is also even probability of an auto-infection. The 
exact method bv which I), pneumonia* normally inhabiting the* throat be¬ 
comes suddenlv pathogenic* and causes pneumonia is not definitely known, 
but there are- certain fac tors which undoubtedly predispose an individual to 
a pm umoc oc c a! intec lion of bis lungs. 'These are trauma, exposure to cold, 
catarrh due* to common colds, chronic alcoholism and chronic tropical 
sple muncgalir conditions due to Leishmaniasis, etc*. 

I he* mode of entry of the* organisms into the lungs is a very debatable 
point and there* is a great de*al ot discussion lont'eining the ionic hx which 
the* organisms reach the* lungs. I he re- arc three possible wavs l>x which the 
organisms mav spread into the* lungs. I hese are as follows. 

(i) K \ tension along fhc surface of the air passages ( Bronclwgenous): — 
A direct exte nsion ot the inflammation from the upper respiratory tract is not 
possible- sinc e* tlu* remarkable lobar distribution of the lesion is against such 
bn me in igenic ext en sit >11. 

(ii) Extension by w.iv of the lymphatics:-The organisms may penetrate 

the .muons membrane ol the trachea or bronchi and spread by way of the 
Ivmphatirs. The pulmonary alveoli are thus reached from the interstitial 
tissues and not from the bronchioles and tin : extends peripherally irom 
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the hilus. The ^reat upholders of this method of spread are Hlake ami ('veil 
who, in 1920, deduced their conclusions from their experimental works on 
monkevs. They do not consider that scpticiemia is a necessary precursor to 
the development of pneumonia and, when it does occur, it max he regarded 
as an overflow phenomenon. 

(iii) Extension by 'ivay of the blood stream ( I hematogenous ): \ccord- 
in^ to this view, the organisms enter the blood stream Irom the upper 
respiratorv tracts, producing a primarx septicaemia with ultimate localisation 
in the lunj^s. 

At present it is verv dillieult to decide In which route the organisms 
spread into the lun^s. Although Blake and ( ced have brought tot ward con¬ 
vincing proofs ot bmphatie spread, vet it ( annot be taken as finallx settled. 
We are, however, partieularb in favour ol maintaining tin* last tun \ iew s. 

Primary lesion in the respiratory tracts :— 

In the IRRER RESRl AM 7 < >R) IR 1(7 xxhidi is the portal <»! entiv 
and the normal abode of the organisms, mild intlammatoix • onditions max be 
produced. Isualh a catarrh of the nasopharxnx, leading 1«» sore throat, 
results. As mentioned on previous o< casinos, the infection fmm the 
nasopharynx max then spread (I*\^. 145I into tin nose t ilmutis ami it, s 
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con^ual.on,, mukllc car via Kus.achian tube (otitis media with Us 
coinpliciilioiis |.,k. Ml) and the lower respiratory tracts (laryngitis, hron- 
clnlis). At. important complication of the extension ol inflammation of the 
upper respiratory tract is the ocular lesions, such as dacryocystitis and 
conical ulcers. 



In tin /.i 'll h l\ Ith^l'lN I /(>/\M / R.ll'IS tin* organisms pi >duce an 

mute iiitn imus disease, loh.tr pneumonia, with whith the ii.iiiu 1 of the 

"i^anisin is st» miimattlx associated and which is dm* to I). 

• »\« r t tit p< r 1 1 nt. < »l tin rases. 

Lobar Pneumonia: I hr disease i.s i*ommnne.st in young adults and is 
- hai antt 1 isrd 1>\ an mflnmmntorx condition ot the lung' parenchyma, produc¬ 
ing « oustilifhtium ot the organ. 1 his may afiect large ateas of the organ, 
tn\ol\mo imitorml\ one or more lohes. I he atleeted lung* is iound to he 
mm It mi 1 rased in \«>lume, teels solid and heavier than normal (pieces sinking 
m water). It max look eilhet ehoeolate red or grexish white in colour, accord¬ 
ing to the stajL;( ot the disease in which the examination is made. On section, 
the suhstame ol the lung feels solid and looks granular, resembling* very 
1 loselx a sin e ot lixer and it is tor this reason that this process ot consolida¬ 
tion is » omntonlx railed “ hepat isat ion ” and the atleeted part ot the lung is 

s aid in he * * hepat ised. “ A verv characteristic feature is the sharp line of 

demarcation between tin* health) and the affected parts and this line of 
Mparation is eommonlx found to follow the borders of one or more lobes 
(big. 1 _j5). It is owing to such a distribution of the lesions that the disease 
has derixed its name, “lobar pneumonia.” Fhe surface of such a lung is 
raised above the level of that of the healthy one and one often finds indenta¬ 
tions of ribs marked on it. The pleura mav show various grades of 
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appearance 1o the allcetcd part which is said to he in a sta^e of “ grvy 
hcpdtisnlioH . 

Lobar pneumonia is a self limited disease, runs a short course and, in 
favourable eases, ends b\ c risis, tin* explanation of which is gpven later. 
Healing is unevent till and it is oltcn impossible to detect any signs of the 
disease in tbe lung in an autops\ examination done later on. In unfavourable 
eases, the organisms attain enter the circulation, producing secondary 
>eptieainia which max give rise to various complications, such as meningitis, 
pericarditis, endocarditis, peritonitis, empyema, arthritis or, even in some 
cases, pwemia. All these lesions are c haracterised by a fibrino-purulent in¬ 
flammation. A xerx interesting c ase was observed by the writers in which 
the following lesions were tound in the same ease—lung in the stage oi grey 
1 m patisation, cinpxcma, fibrino-purulent meningitis and ulcerative endo¬ 
carditis <»l the aortic \al\c . The endocardial lesion oi this case is shown in 

i-v h s - 

Broncho-pneumonia: 1). pneumonia- is the commonest cause* of primary 
broncho-pneumonia m babies below j w-ars ol age and also m old persons. 
It ma\ aNo be the < ausc oi set ondars broncho-pneumonia which arises as a 
compile atiou ot manx a< ute mte-ctioiis diseases. The lesion is characterised 
t,v pate In consolidations, the- inflammation starting trom the- respiratory 
hi < m* liioles and extending into the- neighbouring alveoli. 


Other lesions :— 

I). pile umoni.e max mxadc all the- se rous membranes oi our body, winch 
appear to be parte ul.nl> susceptible to such an infection. As it is a pyogenic 
oiganism. Us lo. ahsation alxxaxs leads to pus h>rmatie>n. 

Meningitis: 1 ‘nmarx pnrumocc.ee al meningitis max be a manifestation 
Hi m n, K.l s, piit ;cmia ami max o, eur without lobar pneumonia. Secondary 
pnemm» <» . :11 m, nmyitis max result a- a c«implication ..I lobar pmumonia or 

Imm .. ol inflammation Iron, tin- middle car. Tin- lesion is 

, Imran, riM.I l>\ th, loimation ol a clunk tilu in..-puruit nt exudate winch is 
nl a >m, t iii'li , ..Ion, ami distributed more eonspicuoush over the vertex, as 
X r menu.u it nits. 1 he eerel.rospinal fluid is under pressure, y reemsh in 

mluitt. Ilm k and purulent. The protein eonlent is increased considerably and 
1 .am’e's enlloid.il cold tea. Hot, j-ixes the txpical mcmn^Ue curve. there is 
mni Lid diminution o, su«ar xxith an increase ol the pH. Mieroseopiea, 
examination ,eu;ik th. puseme o, numerous poKmorpbonuelear leuctx es 
and t,,am-pi.s,„u . apslda.ed diploeoori. most ol xxhteh are tree and extra- 

« cllular. 

Pericarditis (purulent I: 'I he mleetion max he (a) ha mato^inou.• l > ( ) 
bx di,e< I extension Iron, the htn^. though the latter ts not the Usual ru 
bn, nun son,, tunes occur bx a -->' 

the parietal am. „x„,,l .avers of .he peneardum, are acutely .nj-med^-nd 

covered over xxith a thick librino-purulenl exudate (1 ii>. * 4 ,)- 

. iii.. lx,••in which is completed comuci 
n,os, marked over the sur aee nl th ‘ m;iv ronl;lin ;1 v: ,ryinR amount 

w ith the shaggx mass. lhcpiiuuuh. . . 

<‘1 thick, ercamx , gicenish pus mixed with 1 
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Fig. 147. 

Kil;rino-imru]«*m pericarditis r:uiM*il 
D. pneumonia-. Note the *hairL r v 
appearance ol tin* pericardium. 


Fig. 148. 

Pneumococcal cmioca r dit i- <*t tin- a<»rfjc 
\ .llU' 

Note the luxuriant chaiactci ot the ve^eta- 
turn. '1 here an opemm: at one part ot the 
aflected \alv«\ -liowmtr the In.ihh- natuic 
ot the \ eirct at ion 


Endocarditis (ulcerative): The \ rectal ions ;ut prolust and luxuriant. 
They are friable and easily break down, giving rise to emboli. I he \al\es 
atTeeted are usually the aortir (I * i 14. 1 jS) and the mitral. 

XOTE:-- Both in pericarditis and cndoc arditis, the m\manhunt i" 
always involved. Apart from such cardiac lesions, xarxing grades ol degene¬ 
rative changes are often found in the heart must It in pneumot o<« al to\;emia. 


Empyema : - The whole or a part of the pleural caxitx max be tilled up 
with a greenish grey purulent fluid mixed with fibrinous flakes. I he pleiual 
membranes are considerably thickened and covered with irregular, shaggx- 
looking fibrin. The empxema max be localised, being completely shut otl 
from the rest of the pleural cavity or the fluid may accumulate in betxxeen 
two lobes forming an interl<»bar empxema. I wti varieties of empxema aie 
described. The one, syn ptn' imnmic empyema t xxhich mrnrs in association 
with pneumonia, often found in children and m suits in a fatal issue. I he 
other, metapueumoiiic empyema, xxhich occurs after pneumonia is oxer, is 
not so serious as the previous type. 


Peritonitis :—Primary pneumococcal peritonitis gencrallx occurs in 
female children, the inlection reaching the peritoneum via the Fallopian 
tubes. In some cases, it may be a manifestation of general seplica*mia xxith- 
out lobar pneumonia. But the majority of the rases occurs secondarx to 
some pneumococcal infection in some other parts of the bodv, such as pneu¬ 
monia, empyema, otitis media, arthritis or localised abs< < ss. A remarkable 
feature of this condition is its comparative favourable prognosis. It has 

been suggested that peritonitis, arising as a secondarv complication in lobar 

pneumonia, may be due to an extension of the infection through the dia¬ 
phragm, but it is difficult to follow. \Yc are, however, particularly in 

favour of a haunatogenous infection. 
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Acute arthritis (purulent):—This may arise as a complication of 
pneumococcal intentions, the organisms reaching the joint via the blood 
stream. I he organisms can be isolated from the pus aspirated from the joint. 

Pyamia . —I- ormation ol multiple abscesses may, sometimes, be seen 
during convalescence or towards neovery from the disease. From such 
absc esses, I), pneumonia* ran lie isolated. 

Septicaemia . I his may arise, either as a primary condition or as second¬ 
ary to disease in the lungs. In primary sept it a*mia, the organisms are usual¬ 
ly obtained Iroin the naso-pharynx or Irom minor lesions in some part of the 
body, suc h as otitis media. I hey not only c irculate in tin* blood hut, sooner 
or later, localise in different parts n! the- body, such as the lungs, meninges 
and the serous membranes, producing characteristic lesions. 

When septu amua develops as a secondare condition, it is usually the 
result o! a pneumococcal lesion in the bode, such as lobar pneumonia. 
Owing to the diminution ol tissue resistance, as well as to the marked 
mvasiveiicss and to\igeni< properties ol ihr organisms, the latter art* able 
to gain entrance into the circulation in large numbers and multiple rapidle, 
produt ing seven ba< teria-mia and septic ainia. Secondary localisation in the 
meninges and othe r srioiis membranes max also take place as in the primary 
ci unlit ic m. 

Crisis in pneumonia 

It has been ubs* r\ ed that materials, obtained from the consolidated lung 
(bv lung puncture) liom cases progressing towards recovery, show very few 
l)iplococciis piiriimoiiM', and that the- latter are* either degvneTated or 
phage »» v tost-il b\ the le-uroc vies. On the- other hand, similar examinations 
in fatal cases reveal a large number of intact I). pneumonia*, lying tree in the 
exudate. The various ladois concerned in bunging about the death and 
degeneration e>t tlu- causative organisms m cases terminating by crisis are 
as I ol {< >w s : 

(i) \s mentioned belore* ( r'/t/t* page --/■//• during the growth ot D. 
pnctiim*ni;t“, certain siibstatue-s, suc h as lactic acid and hydrogen peroxide, 
arc lihe t ate cl, inhibiting the* activities of tlu* organisms. These metabolic 
products ac c umulate m large* amounts and when a sufficient concent!ation has 
be e n rcac bed, the* organisms are* rapidly killed. 

(j) I Ih- specific antibodies (bacteriotropins) are* de*veloptd in the blood, 
as a result oi the* absorption of the spec ific soluble substance which consti¬ 
tutes erne- of the toxic* products liberated by the organism. Such antibody- 
formation, of necessity, takes time* which is usually about 5 days. Although 
it lias no direct bac tericidal effects, it helps phagocytosis by neutralising the 
specific soluble toxic substance on the surfac e- of the bacteria. 

(,) |*| K . ufleets of the extracts of leu<.and platelets (leukins and 

piiil<ins, viilc p. 1 14) aiv also responsible, • ■ -'tain extent, for the death 

of the organisms. 
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THERAPEUTIC CONSIDERATION 

Serum therapy ••—Specific antisrra arr available lor Typi 1 anil also 
for Type II I). pneumonia*, hut they do not product* any clVcct in Tv pc III 
and Type IV pneumonia cases, These sera max be of two kinds, monovalent 
and polyvalent. The monovalent sera are strictly type-specific and therefore 
their ctlicacv will depend on the presence in the antisera of the antibodies, 
corresponding to the polysaccharide antigens which determine the tv pc 
specificity of I). pneumonia*. 

Fcllon has been able to obtain a concentrated pol\valent serum (2,000 
units in 1 e.c.) which rjin be used in the treatment ol pneumonia caused b\ 
I'vpes I and 11 I). pneumonia*. Manx observers have repotted promising 
results from the use of hYlton’s polx valent serum. 

Dosage and administration The principle that should be adopted in the 
scrum therapy is its carlx administration in adeijiiate dosage bx the intra¬ 
muscular or preferablx, bx the intraxenous route. It is advisable to use a 
polyvalent serum in the bi*^inning, as the typing involves a certain amount 
of delax. W hen the ty pi* ol the infecting organisms has been ditei mined, 
the polxxalent serum can be substituted bx tin- monovalent one. ll it is 
found to be Type 111 or IV, the injections should be stopped. Dm ini; the 
first txventx-four hours, 40,000 to 50,000 units should lu adminicle led m 
moderate eases, and No,000 to 100,000 units in srxctc tass. S«» lon^ as 
there is bacteria*mia and a hi44h temperature, the injc< turns sliould be < mi- 
tinned every S to 12 hours. 

Mode Of action Of antiserum- I hese antisera ate not antito\a but ait 
chiefly antibacterial in nature, containing immune opsonins f luu h i i<>h ), 

agglutinins and coniplcnutn fixing Innhcs. Ibex do not, howtxci, possess 
any direct bactericidal action but produce lx sis ol the organisms bx promoting 
phagocytosis and their consequent digestion inside tlu Irinm \to (./•/< />. 

24b). It should be remembered in this <oimectioti that antiseium ol one t x pe 
has no action on infection xxith other tv pcs, t \< cpt the nmi-spn 1 f i« * th t t < • t 
serum proteins. 

1 he inject ions of specific antiserum, speciallx in \ x p< I piu-umoiiia cas« s. 
cause a marked improvement in the general condition ol tlu patunt and 
relieve to\;emia. I his specific therapx, however, has no elicit on tlu ia!i 
of re solution of the* hint; tissue alreadx involved, but the h sums 1 1 as< to 
extend. It produces a marked elicit on ba< te ria-mia, tlu blood, xxluie I). 
pneumonia* were prexiouslx found, becoming sterile. 

Normal eleath rate from pneumonia due to Tv pe I and 11 , is 2^ to ^t 
per ( cnt., but eatlx administration ol adeepiate dost s <>| speeds antis* ia 
reduces the mortalitx to one third. 

Vaccine therapy: The use <>l pneumococcal \accines lot i nr;,t iv, 
purposes has not been attended with nun h success. | hotijji the vac. in. 
treatment appears to be valueless in pneumonia, it mas be us. lul in lo. al 
infections. In order to increase tlu- resistance ol the body against the mle. tion 
with I). pneumonite, prophylactic inoculation mat be resorted to. Imm this 
purpose, three injections are j-iven at weekly intervals, ea. h dose consisting 
ol 6,000 million cocci ol each tftoup against which immunity is desired. Such 
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vaccines an: often combined with Ihe organisms of common cold. The 
immunity developed is very short-lived, lasting for a period of about 6 
months j owinp to this drawback, it is not possible 4$ stress on general vac- 
rination. 

Pneumococcus immunogen combined*. —These antigenic Mibstances arc 
derived from Hu* ectoplasm, rather than the endoplasm, of the bacterial cells; 
hence, it is technically designated as “ecto-antigen.” Pneumococcus 
immunogen combined, contains in each c.c. the antigens from Diplococcus 
pnciimoniie (} types), 2,000 millions and Streptococcus (luemolvtie and non- 
luemolxtic(, 2,t»oo millions. The injec tions may be given subcutaneously or 
intramuscularly and are usually given daily. Subcutaneous injections should 
usually start with 01 to 0*2 c.r. It is used usually for curative* purposes. 

ISOLATION OF DIPLOCOCCUS PNEUMONIA IN PURE 

CULTURE 

1). |)neumoni;e ran be isolated from sputum in lobar pneumonia, blood 
in cases ol septicaemia, cerebrospinal fluid in pnrumonx'ral meningitis and 
I nun other pnciimocoi cal exudates, sin h as pus in cmpxcma, otitis media, 
( orneal ulcers, arthritis, etc. \ he organism max be* isolated in pure* culture 
either <>n blood agar plate or by animal inoe*ulation method. 

1 . On blood agar plate: - \ttcr incubation lor 24 hours, the colonies 
ot D. pneumonia* are- casilx ditlerentiated from all but those* of Streptococci. 
With practice, however, they max be distinguished from the latter by their 
(a) smooth edj^es, (b) greater transparency and ((*) more flatness. The 
ditleicutlation between the two organisms is shown in the- following table*: — 

DIF F FRF. \ II I 7 IO\ OF />. /\Y FA M OS LK FROM SIREFTOCOCCUS 


Mot ['ll- */.»i»y: 

Shape 

\r ranee mi nt 
( apsule 

Jihuht nimil 11 ti i tht s: - 

Jnulm Urmentation 
Bile solubihtx 
Powei ol ha*mol\sis 

( I esied on blood agatl. 
Metluemc >$2 lob m format i* »n 
( I e sted on blo<>d agar). 

Srtnlnoii ill Rnn th>n: -- 
A42 jo bit in at ic »n react ic >n 
xx it h specific' ant isi rum 

Fiilhuiivnii'ity: - 
\ irulencc loi mice 

t indicates positive n 


D. piti'iuintuiu’. Si 1'cptoi’occns. 


Lam ft 01 elongated 

In pairs. 

Well de fined. 

+ 

4 

</-h;emolx sis. 

Well marked. 

4 

Always very high 
.•action, ind** •*• * 


Tx pieal round or 
ovoid forms. 
Usually in chains. 
I’suallv none. 


Varies. 

Varies. 


Variable, 
negative reaction. 
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2. Animal inoculation method: —This forms the easiest wav to 
isolate D. pneumonia* from a mixed rulture or in letted material, sueh as 
sputum, pulmonary exudate, eh'. The organisms ran he reeovered in pint* 
culture from the heart’s blood, twenty-four hours after their injection into 
white mice. 

METHOD- —A small portion of sputum is emulsified in sterile saline and 
injected into the peritoneal cavity ol a mouse or into the marginal ear \em 
of a rabbit. 

REST LI'S —The animal may die of septienunia in about j davs’ time, 

but it is usually killed as soon as it shows evidences ol illness within 5 to S 
hours. Heart’s blood or peritoneal exudate (in the case ol mice) is then 
examined and found to teem with l). pneumonia* and a pure growth max be 
obtained by culturing the above on a blood ai^ar plate. 

A bacterial suspension is then prepared, which max be utilised lor the 

determination ol the txpe b\ agglutination reaction. Such a bacterial suspen¬ 

sion mav also be prepared Irom the peiitoneal exudate ol mi< e, il it t mitains 
abundant I). pneumonia*. Alter opening the peiitoneal caxitx with aseptic 
technique, it is washed with 5 e.e. sterile saline. It the exudate contains ( ells 
and masses of librin, the peritoneal washings are cent! linked at a 1*»xx speed 
for 2 minutes to ^et rid ol them. I he supernatant < loudx thud is pipetted 

oil and put into a second tube which is < t 1111 itutpd at a hii^li speed loi 15 

minutes to throw dou n the bactei ia. I he < l< ar sup« rnatant thud isdis<aidtd 
and the deposited ba< teria are diluted with sttiilt saline solution so that tin 
suspension has a densitx ol about i.miu million I'l^anisnis pt i < uhi« 
centimetre. '1’his emulsion is then used |<u ina< ms. u|i« attaint mat ion. 

LABORATORY DIAGNOSIS OF PNEUMONIA AM) 
PNEUMOCOCCAL INFECTION 

The diagnosis ol pneumonia is the prox m< e ot tin < linn urn and cannot 
be placed on the bacteriologist. I he lattei In Ips 1«> deli rinmt tin t \ pt t»l tin 
inlect in^‘ organism, so as to I acilit ate the spet ifn s< rum tin i a pv . I he x at intis 
methods that comprise the laboiatoix diagnosis im huh the isolation ol the 
organism and determinati<>n ol its t \ pe (direct met hods 1 and u r tam anessorv 
(indirect) methods, such as leucotxtic response and d< monst rat ion of Un¬ 
specific soluble substance eliminated in the sputum and mine. 

I. Dived method: I his <onsists in finding; out the causative 
or^anism and its type. I he materials w hi< li are subjetted to examinations 
are sputum or fluid Irom lun^ puncture in lobai pneitmoma, blood in « ases ol 
spet’n'iemia, ccrebro-spinal lluid in minin^itis or anx othet pm umomccal 
exudate. 1 he lollowin^ comprise the various methods whiil* are adopted in 
the bacteriological diagnosis. 

I. Microscopical examination A film, prepared Irom tin* suspected 
matei ial, when stained by (tram s metlmd, will reveal the (i rtuti-p<>sitt ar, 
characteristic Ituice-shapeil, cnpsitlutnl 
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LABORATORY DIAGNOSIS OF D. PNEUMONIA 

2. Cultivation —Culture should Ik* made in blood agar. If D. 
pneumonia* is present, it will in* recognised by its characteristic colonies. In 
2 5 * (> 3 ° P 1 ' 1 ’ rtnt - *d pneumonia cases, the* organism can be isolated from 
the* blood, if 5 to 10 e.e. are* taken for culture. 

3 * Biochemical reactions —Bile solubility and inulin fermentation are 
then tested. 1 hese two te sts are quite* adequate* leu* the* identification e>f the 
organism. 

•4* Animal inoculation - fo test the* pathogenicity, a white mouse* may 
be* inoculated ini rape ritom all\ with the* culture mater ial e>r infecte*d substance. 
I he* occurrence ol se*ptie\*rmia with tlie* characte*ristic diploeoeci in the* he*art’s 
blond or in the* peritoneal e xudate* is a conclusive* proof of the* identity of the 
org anism. 

5. Type determination or serological identity can be* ascertained by one 
*»l the* following : agglutmatie»n me thod, precipitin method, or direct 
mcthe»d. 1 he mate rial < ommonK e xamined for this purpose is sputum. 

I best- me thods are* de scribed late r. 

IL Indirect methods :— 

(ii Blood count \ hucocxtr e <mnt is olten done* as an aid te> diagnosis 
and a lugh U m «»< \ tosis is in la\ourol a piifunKx't irral infec'tion. It should be 
remembered that there are* uim's where such leucoevtic response is not 
marked. 1 his is particular)) s<» with Type* III pneumonia which invariably 
rnil- latalh . ~ " v 

(jI Demonstration of the specific soluble substance in the sputum and 
mine* (:■/*/*• intm\ Owing to excretion of the se>luhle antigenic' substance in 
mine*, a sprcifu precipitin reaction mat he* obtained to identify the type of 
tlu organism. This substance may be demonstrated in the urine of over 
f><> |>< 1 , rnt. ot pneumonia e ase s. It is excreted within the* first day after 
the* unset ot the* eliscase and may e'ontinue to be eliminated in the urine up 
till rails e on \ alcscence (l)oche/ and Aver\ ). 

Methods for determining the types of Diplococcus pneumonioe 

Typing of I). pne umonia* is very important, as it serves an useful guide 
in tlu* 11 eminent of pneumonia with the specific antiserum. I lie various 
methods which arc in use* fall under three heads:—(1) agglutination method, 
(2) precipitation method and (3) direct method. 

, Agglutination method: Tlu* technique involves (a) tlie isolation of 
the* organism in pure culture by mouse inoculation (vith supra) and (h) 
testing tlu- a inhumation rraotion witft stock antisera. The reaetions may be 
carried out mturoscopictiHy and nucroscopu iit!\■ 
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A. MACROSC'OPU' A Hill A "I'lXA TIOX :—This test is earned mit in a 
series of 5 small test tubes and is set up alon^ with the bile-solubdity test 
as follows: — 

For bile For 
solubilitx. rontrol.* 


'l ubes (Drever’s) i - 3 4 5 


Diluted antisera 0*5 e.c. ° 5 r * r * 0 5 r * r * e > 0 

(stork). of serum ol serum ot serum 

l.(i : jo) ll.(i : ^>1 HI. (1 *-5) 


For agglutination. 


Sterile ox-bile or o o o o'1 c.c. o 

10 per rent, 
solution ol pure 
sodium tauro- 
cholate. 


Baete-rial emulsion 0 5 e.e. 0 5 c.e*. 05 r * r * 0 5 c.c. 0 5 e.e. 

(1). pneumonia*). 

The tubes are plared in the inrubator at 47 ( . lor one bout. 

Reading oj the results: — 

(a) lhe bile-solubilit\ is recognised In (haring ot the turbiditx in 
tube 4. 

(b) l he tubes 1, j and 4 are t xamined tor agglutination whic h is read 
macroxcopicallx, the reaction bein^ indic ated b\ clouding and flocculation. 
The tube in which agglutination occurs determines the- type ot 1 ). pneumonia 1 
under consideration. 

(c) Strains soluble* in bile, but not agglutinated In ans <>t the ; txpe* 
sera, are plac ed in (iroup 1Y. 

Drawbacks ol this test are the use ot animals and the dela\ which takes 
place in obtaining a pure c ulture ot the organisms. 

B. MICROSCOPIC ACOIJ TlXATlOX TEST: Without waiting 
lor the* death ot the* mouse, a small amount ol the peritoneal fluid max In- 
withdrawn by punc ture, within 4 to f> hours alter the* injection of the sputum. 
A j^lass slide* is marked oil into lour parts, and a minute drop of the 
peritoneal fluid is e xpelled on eac h ol the- lour partitions. The lust is smeared 
with saline* lor control, and the* others with a looplul ol 1 : 10 dilutions ot 
type* 1 and II, and a 1:5 dilution ol type III antise ra respec ti\cl\. I hest 
dilutions of the* sera are* c hosen kernels to eliminate* ^roup agglutinins. The* 
materials are we*ll mixed and uniform thin smears arc made*. These* are* 
allowed to dry rapidly and fixed by heat, l he \ are then stained for J n to 40 
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M-romls with a dilute* lurlisin solution (ioc.c. saturated alcoholic solution of 
l )as,< ll,rllsm smcl r * r * <>< water) or any other available stain. The stain 
is washed nil m water or 20 per rent, copper sulphate solution, and the 
smeai s aie examined with the oil immersion lens. A positive agglutination 
max be ascertained iiom the aggregation of the cocci into clumps, leaving 
the intervening spares fairly free-. I he type scrum which gives rise to 
agglutination of the organisms will determine the type to which they belong. 
If no reaction occ urs in any of the smears, and numerous I), pneumonia* 
are clearly seen, a diagnosis of (iroup IV is suggested. 

I his method max also be applied to blood cultures bv centrifugalising 
the growth in broth and using the sediment, and often direct lx* to spinal fluid, 
proxided the organisms are sutlicientlx numerous. 

2. Precipitation method: - The principle underlying this method is that 
I). pneumonia- produce a soluble substance w hic h gives a specific precipitin 
reaction with the homologous antipmumoeoeeal serum. Such a substance 
ran be* demonstrated in the sputum, intlammatorv exudates and urine of 
patients suffering from lobar pneumonia. 

(a} FROM SI'! Ti M 

Ti'clmitfur: -(Oliver’s met hod—time required 30 minutes). 

(ii Si lect the most purulent or blood streaked portion of the sputum. 
Make a smear and stain by tiram’s method to confirm the presence of 
I). pneumonia*. 

(ii) Place 1 to 2 r.r. of the sputum in a centrifuge tube and add 3 to 5 
drops of a 10 per rent, sodium taurocholatc solution. 

(iii) I horoughlx break up and mix the mass by stirring with a rod, 
adding just enough normal saline drop by drop. 

(i\ ) Plac e tin tube in a water bath at 42° to 43^. tor 20 minutes. 

(\) \ small bit of cotton wool, with fibres loosely united, is plated 

at the top of th«- fluid in the tube which is rentrifugaliscd at high speed. 
I he cotton is pushed down to the bottom to assist in clearing the solution. 

(\i) ( arefullv pipette ofl the supernatant fluid and distribute into 3 small 
absolutelx dean test tubes, 0*3 to 0 5 r.c. into each. Label the tubes 1, 2 
and 3. 

(vii) To these tubes, add 1 to 2 drops of Type L II and 111 pneumococcal 
antiserum respeetivi-lv. A positive* test is indicated by an almost immediate 
clouding and flocculation which is increased by heating in a watci bath at 
42°(\ for 15 minutes. The tube in which this occurs indicates the type of 
the organism present in the sputum. 

(b) FROM FR 1 XF: —Precipitation reaction may also be carried out 
with a sample of urine of a patient suffering from lobar pneumonia. J his 
method is of less value because the sputum examination is applicable eailier 
and the demonstrable amounts appear in the urine, usually in severe cases 
of pneumonia. The reaction is set up exactly in the same way as for sputum 
with a Hear centrifuged urine, in which the antigen has been concentrated 
by boiling- with acetic acid and then pro ipitating with 95 per cent, alcohol. 
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3. Direct method: —Ncufeld in 11)02 observed that when a suspension 
of D. pneumonia* was mixed with homologous immune* serum on a slide, 
not only agglutination, but also a marked swilling of the rapsules occurred 
(Quelltuig ptieunomenon of Xcnfcltl). Armstrong (1042) applied this 
observation to direct methods of typing of 1). pneumonia* from sputum. 

ARMSl'ROXit’S TEClIXIfJl'b: ( British Medical Journal, Jan. jo, 
igjj): —Three small samples from a suitable fleck of sputum are placed, 
equidistant, on a microscope slide, and numbered i, 2 and 4. Each sample 
is emulsified with four times its volume of the corresponding diagnostic' serum 
(antiserum), the addition of the serum and emulsification being c<>n\eniently 
performed with a platinum loop. C'over-glasses are applied and the slide 
is left under cover for a few minutes, whilst a further sample from the 
selected fleck of sputum is smeared on a slide, fixed In heat, and stained by 
Gram's method. The general bacterial flora of the sputum and the number 
of D. pneumonia* present are apparent at a glance in the stained film. The 
slide containing the fresh emulsions of sputum with the specific sera is now- 
examined, using a 4 ocular and 1 objective and a plane min01, the 
condenser being removed. W hen tin- reaction is negative, tin unstained 
D. pneumonia* are barely visible'. In the case of a positive reaction, on the 
other hand, there* is a conspicuous incre-ase* in the si/e of the individual 
D. pneumonia*, due* to conjugation of the* core us with the homologous anti¬ 
body. The enlarged cocci have* a characteristic ground-glass appe arum c , 
with a highly retractile* peripheral /one. \ positive* reaction is at times 
appreciable* to the naked eve on holding the preparation to the light. The 
positive, as compared with its negative* companions on the same- shde (which 
se*rve* as controls), is se*e*n to be- opalescent, due to the* great im least in the- 
size* e»f the* “sensitised cocci. When the- I), pneumonia* arc thicklv coated 
with a sero-mucinous secretion, the* e harae tcristic appearances develop more 
slowly, as the specific serum lake s time* to soak its wav through. In sue h 
cases, twenty minutes may elapse* before* the* completion e>t the* test, although 
type* may be distinguished much sooner bv the change* in those < oe *ci which 
are floating free. It is to be* noted that the* tvpe* is decided independent Iv ot 
the actual agglutination of the* organisms. 1 his is prevented, presumablv, 
by the* viscous nature of the* sputum. 

“ (Commentary: —The results ot the* “ cliree t te st ” have been confirmed 
in every case by mouse inoc ulation, and by the* othe r more de liberate* me thods 
commonly used in the labo atorv. T he* direct me thod has prov ed trust w orihv, 
and its value lies in extreme simplicity and swiftness. The objection now 
disappears that the pneumococcal type* c annot be* dec ided in ge neral prae tice*, 
since animal inoculation is ne> longer essential and a special knowledge of the* 
bacteriological technique is not necessary. Tvpe* may be* decided with e*qual 
ease and speed, by the direct method, in the c ase* ol c e rebrospinal fluid, pus 
frwn empyemata and aural discharges.” 
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NEISSERIA GONORRHGEJE 

( Gonococcus; Micrococcus gonorrhoea ) 

HISTORICAL: • I Hn'i'f \nsscr ( i S7< >) first gave an account of the 
microscopic ( haractcrs of this organism as seen in the pus of gonorrhoeal 
alfci tions. 


HABITAT: 1 he organisms are never present in normal individuals, but 

al\\u\s in the lesions in persons suffering from gonorrh<ra. Thev are readily 
jnimd in large numbers in the urethral discharge of a patient suffering from 
acute gonorrhoea. 

MORPHOLOGY: 

Size : I he organism is a micrococcus, each being about i /i in diameter. 


Shape: h is renilorm in shape, often compared to a bean or a kidney. 


Arrangement: — These cocci 

cocci), with their <«>nca\e margin 
then is a small oval un¬ 
stained spat e. 

Involution forms are often 
seen in old cultures. I hese are 
cocci in the proce t degenera¬ 
tion, appearing a iherieal ele¬ 
ments o! \ nixing si/es, some 
being eonsiderahlx swollen ami 
staining faintlx. 

77/c organisms arc non¬ 
capsulated, non-sp(>ring, non- 
jla ^dialed and non-motile . 

These diploeocei are usually 
found in large numbers within 
the cytoplasm of the polymor¬ 
phonuclear ('ells and arc often so 
numerous as to obscure their 
nuclei. This intracellular posi¬ 
tion of the cocci constitutes one 
of their special characteristics 

(Or- 

STAINING REACTIONS:— 

methylene blue, basic fuchsin, etc., 


are arranged in pairs (hence called diplo- 
apposed to each other, so that between 



Fig. 149. 

Neisseria gonorrhu'o* in & smear of urethral pns 
from a ease of acute tronorrhraa. ^ 0 .^ e y^! le 
intracellular position of the diplococci. The 
characteristic roniform appearance (bean shape) 
of the eoeci is shown in the inset. 


i. With basic aniline dyes, such as 
the <»•.-ms arc stained readily. 



264 


NK1SSER1A GONORRHCE.E 


2. By Gram’s method of staining, they are easily derolourised, hence 
they are Gram-negative. 

Note: —In a smear of urethral pus, the presence of (lram-negative, 
intracellular, reniform, iliplococci is diagnostic of gonorrhtra. 

BIOLOGY:— Die organism is an aerobe, but grows best in lowered oxygen 
tension (micro-aerophilic). It grows best at a temperature of ^5° to y>°C\, 
and the growth ceases altogether at 25°The optimum pH is from 7*3 to 
7*6. The organism requires abundant moisture for its growth. It is 
extremely sensitive to heat, antiseptics and sunlight. 



(jonnrrhn tr in hydrocele 
aprar. Some colon of 


Staphylococci arc al-o 
.shown itt the upper and 
left part of the tnhe. 


CULTIVATION: —It is not possible to cultivate 
the organisms in ordinary media, such as agar or 
broth. They grow best when some uneoagulated 
l)odv protein, such as blood or serum, is incorporat¬ 
ed in the culture medium. The best medium, there¬ 
fore*, is agar containing serum, whole blood, ascitic 
fluid or h\dmocle fluid. C ulture of the infective 
material should be made direct from the discharge 
on to the medium and incubated without delay. The 
colonies are visible* within 2.4 to hours. Some¬ 
times, the growth mav not appear until the fourth 
day. 

Note: lb ate-el blood agar forms an e xcellent 

medium for the* cultivation of N. gonorrho*;e. By 
heating the* blood to 55 ('. certain amino-acids, 
having growth-inhibiting properties, are* eliminated. 

Character of the colonies: Mu se tend to 

remain more or le ss dis< rede*. The\ a))pe at as semi- 
transparenl discs, about the si/c of a pin’s head. \t 
first the* margin is rounded, but late r it becomes un¬ 
dulated or crenated and the centre also becomes 
more* opaque ( Big. 1 50). 

The organisms die* out in the primarv culture \e*rv 
soon. Hence, subcult tires should be made within 
2 to 3 (lavs. In subcultures, however, which are 
kept at ^7 r C ., the organisms remain alive for a 
conside rable time, sometimes as long as 4 weeks. 


BIOCHEMICAL REACTIONS:— 


Fermentation reactions -The fe rmentation of the two sugars, glucose 
and maltose, is very important and is utilised lor the diflerentiation ot the 
Gram-negative diplococci, as shown in the table e>n page 2(>v 
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Table* showing clilTcnnccs in tin* fermentative activities of the Gram- 
m native cocci. 

C) rtf a n i sm. (i 1 uc« >se. M altosc. 

N. tfonorrho*;e ... -f o 

N. meningitidis ... + + 

X. ratarrhalis ... o o 

•\ Fermentation; o - No fermentation. 

Neisseria tfonorrlueje ferments tflucosc only, with the production of acid 
but no “as. It does not ferment maltose. The fermentation tests are best 
demonstrated on solid media in which brom-rresol purple may be used as the 
indicator. The preparation of such a solid medium may be carried out by 
adding t part of a 10 per cent, solution of the requisite sutfar alontf with the 
indicator to 10 parts of united nutrient atfar at 55%'. The mixture may be 
sterilised b\ tin* fractional method. 

VIABILITY: Neisseria tfonnrrlKva* is a ver\ delicate* organism and it 

undei^oes autohsis read’ll) in culture. It can not withstand heat, desicca¬ 
tion, sunlight or antiseptics to any appreciable extent. In cultures exposed 
to ^o ('. for a lew hours, the organisms usually die. A temperature of 
to;'T. (_|j C’.) kills the organism in the infected tissues in about an hour. 
This fad should be remembered in connection with the treatment of 
tfonorrlueal affections be means of diathermy. I he organisms are also very 
susceptible to the action of silver salts, such as artfyrol, protartfol and others, 
in concentrations winch do not harm the mucous membrane of the urethra. 

TOXIN PRODUCTION:- Exotoxins have never been satisfactorily 
(Uinonstrated. Endotoxins arc responsible for tlit' various eflects which arc 
produced 1 >\ the N. tfonorrlwra*. Inoculation of the human urethra with this 
endotoxin causes an acute catarrh. It should be noted that N. gonorrhoea) 
undergoes autohsis verv soon in culture; hence, the* filtrate of a fluid 
culture of a few da\s' old, will contain the endotoxins. 

SEROLOGICAL REACTIONS:-Spcc i111' antibodies, such as (i) agglu¬ 
tinins and (ii) complement-fixing immune bodies, have been demonstrated in 
the* scrum of persons infected with N. tfonorrliux'e. Hence, agglutination 
reaction and complement fixation test may be* utilised as aeve*ssorv aids in 
the* diagnosis of a tfonoeoreal infection. As such sera de> not possess any 
bactericidal or antitoxic property, they cannot he* used therapeutically. 

ANIMAL INOCULATION: —It is virulent only to human subjects. 
No animals are* ever affected; even intraurcthral inoculation in apes failing* 
to show* any disease*. In fact, it has been found impossible <e> reproduce the 
disease* by any means in the lower animals. The autolvsed bacterial protein, 
on the other hand, is highly toxic to labor:' animals. 
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PATHOGENICITY 

Neisseria gonorrhu*;e produces the disease gonorrhiea in man, whirh is 
characterised by a specific contagious inflammatory discharge from the 
mucous membrane of the urethra or vagina. The word gonorrhrra literally 
means a discharge or flow from organs related to generation (gnuu.v, 
generation or seed; rhccin, flow). // is c.xclusircty a human disctisc and 
animals do not contract gonorrlnva. The organism is primarily infectious 
for the genital organs and the infection is almost always direct, from person 
to person, and usually results from sexual intercourse. Mechanical infection 
mav take place in some rases, particularly in conjuncti\al infection and \ul\o- 
vaginitis of youn^ female children. 

Portals of entry: —These are two in number, (i) genito-urinarx and 
(ii) conjunctival mucous membrane. 

(i) ('icnito-nrimirv miidnsa —This is, b\ far, the commonest route and 
the majority of cases occur through infection b\ this channel. 

(ii) (’ onjinictival mucosa —()n 1 \ local infection is produced and genet al 
manifestations are not common. 

It should be remembered in this connection, that Neisseria gonoirho-;r 
shows a predilection, in everv rase, for structures lined with columnar 
epithelium, because the stratified and squamous epithelia offer a gteater 
resistance to the entrance of this organism. Heme, tin- vaginal mucous 
membrane in adult females and the penile portion of the urethra in males, 
both of which arc- lined with stratified epithelium, resist inlection b\ these 
cocci. In adult females, \ ul\a and vagina are- not liable to be attached until 
the squamous epithelium covering them becomes sodden and devitalised by 
discharges from some- other parts of the- genito-urinarv tract. Sudi a 
condition is present during pregnanev and puerperium, when the- xaginal 
mucous surface becomes much more prone- to gonococcal infection. A 
purulent form of gonococcal vulxo-x aginit is, see n in xoung girls, mas be 
explained by the fact that upto puberty the- \td\a and xagina are- coxcicd 
with cylindrical epithelium which favours the- infection. 

Pathology: —The organisms <Jui< k 1 \ penetrate the- mucous mrmbianc. 
passing ehictlx between the- epithelial jails winch are- loosened anei 
desquamated, and finallx invade the- submucous tissue s. Alte r </// im uhati>>^ 
period of j to jo diiys, an acute- catarrhal inflammatory reaction e nsue s. 
producing congestion, o-de-ma, and an extensive- Icmoevtu emigration. 1 his 
is associated with much increase of secretions. I he- dis< barge is at fb s! 
mucoid, hut later becomes purulent. The- acute- starve mav pass ofl in a few 
days and, under favourable conditions, mav undergo : omplt te icsolution. 
But even at an carlx stage, tin Neisseria gonorrhn-;e max penetrate into 
distant parts by the- lymphatics. 1 bus, in a large number of eases* a 
subacute or chronic inflammatory condition is maintained bv the* organism-' 
which get into the crypts and recesses of the urethral and genital passages* 
From these places they are capable of keeping up the infection. 
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In tin t *ii lie st slants, when t)u* discharge is glairy, the organisms may 
he found lying free in the exudate, but later, when it'is purulent, they are 
lound pa< ked within the leucocytes. Phagocytosis of the organisms takes 
place in the exudate and not in the inflamed tissue. Within a few weeks, 
Neisseria gonoi 1 hre;e become scanty in the discharge and are replaced by 
secondai\ 01 nanisms, such as Streptococci, Staphylococus pyogenes albus, 
ksrheiirhia coli, I)ij>litheroid bacilli and others. During the more chronic 
stages, these organisms aid in maintaining the irritation and may be 
responsible for some of the secondary results. 

The role of secondary infections in gonorrhoea: —The secondary 

organisms, as mentioned above, are present in chronic and badly treated cases 
and are most olten lound in lemales. These bacteria undoubtedly play some 
part in maintaining a subacute or chronic inflammatory process in the 
urethra and its di\erti< ula. Moreo\er, they cause difficulty in the bacterio¬ 
logical diagnosis of the condition. Because, the Gram-positive cocci of 
secondary infection may, specially when phagocytosed, lose their Gram- 
positi\c < haracter, and arc then liable to be mistaken for intracellular 
(irnm-negat i\e run i. Then, again, the examining eye is liable to be diverted 
and dec < i\cd b\ the presence of a large number of secondary organisms. 

Lesions: I he \ anoiis lesions produced by Neisseria gonorrhoea* may 

be dixided into 2 main groups, (i) primary and ( 2 ) secondary. 

Primary lesions: These are tabulated as follows: — 

A. In males Anterior part of the urethra is first affected, resulting in 
an acute catarrhal inflammation which proceeds later on to pus 
formation (anterior urethritis). 

H. In icniiihs —Tin. 1 urethra is the most common starting point, the 
situation affected next in frequency being the cervix uteri (urethritis 
and end<>rer\ icitis). 

C. hi children—i ionorrlaea oeeurs as an anterior urethritis in males 
and Yulvo-vaginitis in females. 'This is in most cases due to the 
carelessness of the nurse or mother carrying the infection. 

1). In the new-born infant—A frequent accidental infection at birth is 
go!H>rrh(cal ophthalmia (purulent conjunctivitis). 

Secondary lesions: —These are produced by the following ways: — 

(i) By direct extension. 

(ii) By infection of the lymph stream . 

(Hi) By infection of the blood stream . 

(iv) By mechanical means . 

(i) RESl 'LT OF DIRECT EXTENSION —In this case, the infection 
spreads through continuity and contiguity of mucous membranes. A know 
ledge of anatomy is essential to understand these lesions. 
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/;/ wales (Ki&*. 151) 

There are, in the course of the urethra, main accessory structures, such 
as (i) paraurethral ducts and subpreputial sac, (ii) I-ittre’s glands and their 
duets, (iii) Cowper’s glands and their ducts, (i\) prostate ^land and its ducts, 
(v) common ejaculatory ducts, seminal vesicles, \as (ductus) defciens and the 
epidid vines and (vi) prostatic utricle. All of these ma\ he involved in Hu- 
more chronic j^onorrlueal infeetions, ins|)itc of a thorough disinfc< tion ol the 
urethra itself. Moreover, in many cases, an extension into the poslciior 
urethra takes place where healing is more difficult and horn which important 
complications in other organs may arise. Certain important sequela- which 
mav result in the course of a ^onorrlneal infection are urcthial ^11 i< lure and 
chronic prostatitis and vesiculitis. 



F IK. 151, 

Anatomy of th«* malt* ltiiiIih 
\ a note^ -lit*- of tin- it-ion- ,t 

^ ii'lhi'dl s f nc I are * 1 lu eonimonesf xitr for this < ondituni is the 
junction ol the bulbous and membranous urcthia, as this i% tin most 
dependent part ol the urethral tra< t and is Hun Ion the site at w hi< fi pm ulent 
dis( hat^e tends to accumulate, il <^ood drainage is not established dm me 
treatment. I he presence ol the sphincter ihin K in this aiea also d< terminer 
ver) iq catIv the occurrence ol striuurc. During < < mt 1 a< t ion ol the sphinctei, 
whose action is exaggerated il the urethra is sensitive, ||„. mllamed and 
ulcerated passage is constantly sulijei led m injury, causing lissuics and 
rupture of the granulations, resulting- m the lonnalio,, ol an excess ol 
cicatrix and consequent stricture. 
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2. ('Uro)ric prostatitis and vesiculitis -—These serve as reservoirs of 
infer!ion and, owing to their high vascularity, on many occasions, are 
responsible lor serious metastatic complications. 

In few ales 

The urethra of the female being shorter and without any complicated 
;i< ressory stiurturcs, th<* inflammation does not had to such serious results 
as are found in males. Hut the internal genitalia are particularly involved, 
due to an extension from a gonococcal endocervicitis. The following are the 
common lesions nut with in women (Fig. 152): —Bartholinitis and Bartholin 
iihseess; emhnnctntis ; salpingitis and oophoritis, pynsalpinx , luho-ovarian 
iiliKiess; pelvic peritonitis. 

TuBu-u.AMAN ABi>C 



Fig. 152. 

donorrleeal le-ioiw 111 women (Diairrammatic) 

]« should he renumbered .ha. .hr mucous membrane of the 
nr„un, on rare occasions, may be involved in both sexes, though the k.« 
is par.ienlarh common in the lemale six. 

.... , vh'h'i "I'li) V BY TI 1 F. LYMPH STREAM :—The complications 

, " . ,1 s 1,H-thod are epididvmilis (in male), cystitis, 

1 lint roninmnlv arise In tins nu moo 1 • , , . epeondarv 

pv,li,i, pvelnne,,Inins. These .«• generally 

invaders. TId, mi'tlu.l .< » >'"™ r '' U ' 1 ™' “ “ , “ rf7,Ifc 

h,M,„ - .h, neniin-nrinary urn*. 'I* W«<-» "”«?*££££ c 

kidneys. This is possibly dm ... lhe .free mu-r-ron.mun,canon 

lymphatics of tlu* genito-urinary tracts. 
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The above infection, under certain circumstances, may spread by direct 
continuity through the lumen. It happens when there is some obstruction in 
the urinary tract producing a back pressure. Lastly, the above complica¬ 
tions may also arise from a hiemato^enous infection. 

In this connection, it should be noted that the common hitho is the direct 
extension of infection through the lymphatic s. 

(iii) BY IXFECTIOX OF THE BLOOD STREAM: - It has already 
been mentioned that this is produced, on many occ asions, as a result of the 
presence of some locals of the disease in the "emto-urinary tracts oi either 
sex. In the 1 male, the original loc us ol the disease is lound most Irecjiicntly 
in the posterior urethra, specially in the prostate "land, seminal vesicle s and 
the epklidvmes. In the female, the locus ol tlu* disease is commonly in the 
endocervix and Fallopian tubes. General blood infection is particular!) 
common in males. 

After once the* organisms "it into the 1 blood stream, they max produce 
a septicaemia or may localise in the heart, joints and exes, "ixin^ iim- to 
various metastatic' lesions. In the heart , the organism inxolxes tin \al\ulai 
cMidocardium and the nature ol tlu- lesion lesemblcs that ol the other 
pvotjenic cocci. The vegetations which form an limit iant, easily triable and 
break down. Such ulceratixe endocarditis is lound in association \x i t h 
septicaemia and invariably ends fatally. 

(iunnrrhteal arthritis ((iniiurrhiral rhcunnitisiu I They arc met with in 
all stages of ^onorrhcea, either acute, subacute 01 chronic. I hr synoxial 
membranes of the joint, tendon sheatiis, ligaments and libious aponeuroses 
are commonlv inxolved. The* arthritis may be monoarticular as well as 
polyarticular and certain joints are more commonly inxolxed than oth< is, su« h 
as temporo-mandibular, sterno-clax icular and xertebral joints. I he atleeted 
joint becomes sxxolle*n as a result ol collection ol tluid inside the synovial 
membrane*. Ihe* organisms max be- isolated Irom the- tluid aspirated Irom 
suc h a joint. 

(ioiiorrlural iritis - -Apart Irom conjunct ix itis, iritis is another ocular 
complication met with in ^onorrluea. I his is one ol the mani lest at ions ol 
metastatic lesions, and, under c ertain e irnimstanc e*s, the- whole oi the* uxc al 
tract may be* involved. Isolation ol the organism from stub lesions is mix 
difficult oxvin$» to its inaccessible* position. 

(iv) BY MFA H. \XIO.IL IXFFCi IOX: - 

Conjunctivitis —A purulent lorm ol conjunc tivitis max be produced as a 
result ol direct inoc ulation, be-in^ generally transleric-d b\ linge rs 01 bx some- 
infected toxvels, handkerchiefs and clothings. 1 Inis, in a person suffering 
from an acute discharge, there* is alway s the- danger of sell infec tion. He nc e , 
the necessity of personal cleanliness is ve ry important to prevent suc h spie-ad. 
Other persons xxho arc* liable to sui:h infection arc* phxsicians and nurses. 

Relation of Gonococcal infection to Pregnancy and Conception 

This may be considered under 3 headings: — 

1. Ophthalmia neonatorum —II the inlection is present in some part of 
the birth canal, the organisms maj gain entrance into the eyes of the baby 
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during its passage and produce a very bad inflammation of the conjunctiva. 

I his may ultimately lead to permanent blindness. In any suspected case, 
silver salts (i to 2 per cent, silver nitrate solution) should therefore be 
instilled into the e\es of the new-born baby as a prophylactic measure. 
Alter allowing tin* solution to remain for a lew seconds, it mav be washed 
off with normal saline (('rede's method). 

2. Sterility I he question ol sterility in gonococcal infection is a very 
serious one. I he danger is mo re in the female than in the male. The spread 
ol the inlection to the tubes and ovaries and the resulting inflammation in 
these organs, specially when bilateral, preclude all possibilities of conception. 
Similarly, when seminal \csicles, epididymis and the testes are affected in 
the males, the risk o| sterilit\ is potentially present. 

,>• Abortion —Owing to the production of a chronic unhealthy condition 
ol the endometrium, the implantation of the ovum and its subsequent deve¬ 
lopment are intertered with, particularly in the earls months of pregnancy. 
This ma\ gi\r rise to repeated abortions. 

If, houi \er, tin inlc< lion is contracted during pregnane”, when the ovum 
has complete!} tilled up the uterine cavity, the usual course of gestation is 
hardlv interfered with. Hence, there would hi* no symptoms as far as the 
uterus is eom erned, but there may he free leucorrhma (white discharge) from 
the pathological condition in the cervix as well as in the urethra. 

THERAPEUTIC CONSIDERATION 

SerUiH therapy .* Speeilic antisera in the treatment of gonorrhoea are 
practicalb not useful at all. 

Vaccine therapy * —This mav be ol some value in joint affections and 
allied conditions, but there is no proof of its value in an ordinary case of 
specific urethritis, 'flu* initial dose ol the vaccine is generally 5 millions. I he 
success which is sometimes obtained from the therapeutic use of gonococcal 
\ accines ma\ be due not to its specific nature, but to the reaction following 
the use ol a" non-specific protein. Hence, treatment by gonococcal vaccines 
has now -a-da\ s been largely icplaced b\ non-specific protein therapy. As 
the plain gonococcal vaccine is very toxic and gives lise to untoward effects, 
\arious preparations have* been introduced lor this purpose. These arc 
sensitised \ accines, detoxicated vaccines and pin lacogens. B\ using such 
preparations, large doses may be used without their corresponding toxic 
rfleets. ‘ 

In ver\ ehronie eases, where secondary iniertion is very marked, it is 
advisable to use a mixed vaccine. 

LABORATORY DIAGNOSIS 

The diagnosis of gonorrhoea is very important, not only in clinical, but 
also in medicolegal, cases. 

Collection of materials .-—During the earlier stages of the disease, 
it is not very difficult to obtain the material and the diagnosis can easily be 
made from tbc purulent exudate by finding the characteristic Oram negative, 

intracellular diploeocci. It is the chroni, cases which give rise to i cu y, 
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because the bacterial flora have changed and the place of the Neisseria 
gonorrhoea* has been taken up by various secondary organisms. Resides, 
the causative organisms have taken shelter in the deeper tissues, viz., in the 
crypts and recesses, which are difficult to reach, 'finis, in order to diagnose 
chronic gonorrhcea (gleet) and to obtain material for the* purpose, one 
requires an intimate knowledge of their lurking places. These are all the 
anatomical orifices and crypts in connection with the genito-urinary tracts. 
"The most important ones are the seminal vesicles and the prostate inland in 
the male, and the cervix uteri, urethra and Bartholin's glands in the female. 
'Thus, in males, the materials are better obtained after massaging the 
prostate inland and the seminal \esiclcs. In females, a cervical swab or a 
urethral secretion, obtained by milking* the urethra, will help in establishing 
a bacteriological diagnosis. In this connection, it should be remembered 
that in females, specimens taken just after a menstrual period are more 
likedv to yield positive results than those taken at normal times. A vaginal 
smear is useless, as the soil is not suitable for the development ol \. 
gonorrhce;e, except in young children. 

Prostatic massage- - Eatient undergoing prostat a* massage should be 
instructed not to pass urine 2 to } hours previously. Just before the 
procedure, he is asked to pass a small amount ol urine ( ; to j o/.) and the 
rest is allowed to remain in the bladder. I he finder protected with a glove is 
passed into the rectum with the patient standing but bent over (fig. 15.P. 

Pressure is made on the piostatc 
inland with finder strokes having' 
a movement downwards and 
medial w ai ds, as show n in 
f igure 15 j. I he drops ol di^- 
oharge expressed bv the massage 
are then received in a small 
sterile Petri dish. Some portion 
of the material which is left in 
the urethra is finallv passed 
along with the remaining portion 
of 1 he urine 1 rom w hi< h a 
deposit is obtained bv ccntri- 
I ugalisat ion. It should be re¬ 

membered that prostatic massage 
is not only done for diagnostic 
purposes, but is also employed as 
a therapeutic' measure. When 
used for the latter purpose, it 
act s in two w ays: (i) by 

mechanically emptving the pro¬ 
state gland and seminal vesic les 
ol their pathological contents, 
and (ii) bv improving the* eircula- 
Fig. 153. lion of the organs, it helps the 

Position of the patient during prostatic massage, process of repair. 
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Fig. 154. 

.Mot ImmI oI dtiirur ;i t :<• The arrow in«li«-:if«*< 

ihr liircrnoM o| fimri-r -trokoo Differ <iray > anatomyi. 

Cervical swab In obtaining a specimen from the cervix uteri, a 
I* erg ussi in s spi rillum is passrd into ihe vagina and the external os exposed, 
rxrrss n| mtu us nr muropus being remoxrd 1 >\ mopping with a sterile cotton 
wnnl. \ suitable sterile swab is then passed into the ecr\ ieal (‘anal and well 
rubbed on the mucous membrane. 

Urcthial secretion in females -This is obtained by running the linger 
nlong the anteiior \aginal wall Irom within outwards, so as to express the 
Ihiid Irom the meatus (milking the urethra). In order to obtain good 
material Irom the urethra, the patient should be asked not to pass urine for 
at least two hours before submitting to examination. 

Methods of Diagnosis :— 

I. Direct method: —-This consists in the establishment of a bacterio¬ 
logical diagnosis bv (i) microscopical and (ii) cultural examinations. 

For microscopical c.\amiuu liou, (iram’s method of staining is the only 
reliable one lor diagnostic purposes. Ihe presence, in the urethral dis¬ 
charge or in any suspected material, of a large number of diploeoeci, having 
the characteristic morphologv and staining reactions ((1 rum-uegnhve intru - 
cellular), is practically conclusive of the case being one. of gonococcal 
infection. 

In cases where 1 microscopic examination alone is not suffie'ient for the 
diagnosis, cultural methods should be* remind to, when the 1 N. gonorrh<x*«c 

may be identilied by its various cultural c'.-s and fermentation reactions 

which have been alreadv described. 
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11. Indirect method :— 

(i) Two glass test: —This is very helpful in deciding whctlur tin 
posterior urethra is involves! or not. ( ollei't the first half ol t u mm< in 
one glass and the second halt* in another. It the latter sample remains 
turbid, after the addition of a few drops of acetic acid to dissohe tin* phos¬ 
phates, the posterior urethra is most probably involved. 

Prostatic threads —These consist of mucus with entangled leucocytes 
and epithelial cells and are mostly voided with the first portion of the mine. 
They are much larger than tube casts, being visible readily enough with tin- 
naked eve, as they float in the urine. Their presence always signifies the* 
existence of a chronic inflammation in the posterior urethra. 

(ii) Serum diagnosis:— 

(a) Complement tlxalom /<\v/;-This test is sometimes performed tor 
the diagnosis of gonorrlncal infec tions in which the organisms cannot be 
demonstrated by direct methods. The test is not verv reliable and its 
interpretation is a matter of difficult\. Karly and acute cases rarely exhibit 
a positive reaction. The test is of considerable value in diagnosing eases 
of iritis, arthritis and epididymitis that appear as late mam l est at ions. On 
account of the various types of X. gonorrhera-, it is essential that the aniige n 
should be polyvalent, consisting of a large number ol strains sufficient to 
represent the different serological races of the organism. 

(b) Agglutination reactions : This is found onl\ in cases of some- 
duration. The blood serum of the infected person max show a positive 
agglutination reaction with an emulsion of \. gonoi i luea-. I he toll <>t 
agglutination reaction in the diagnosis of gonocoeval infection is, however, 
not very important. 

(iii) Provocative methods in diagnosis: — 1 he principle undeibing this 
test is to stir up any latent infection in an apparently cured patient and 
provoke a discharge. The material obtained from the provocative methods 
is frequently found to be positive in patients who have- been tree hum dis- 
eharge lor some time. Thus, by this method, the organisms can be demon¬ 
strated in chronic cases where it is extiemelv difficult t<> find them. I lie- 
methods fall under two groups: - 

(a) Specific —This consists in an injection of a huge dose- of 
gonococcal vaccine (500 millions). Reactions, such as focal (at the site of 
infection), local (at the site of inoculation) and gene ral (malaise , fever, etc.), 
occur in an infected person. If no focal reaction occ urs, it is improbable- 
that there is any latent focus. 

(b) Non-specific—(1) Local application of silver stilts, which leads to 
irritation and flow of discharge, thus bringing the organisms to the- surface 
from a deep seated latent infection. 

(2) Drinking a large- quantity of alcohol often pro¬ 
duces congestion of the parts and provokes a discharge. This is often very 
helpful. 



CHAPTER XXII 


NEISSERIA MENINGITIDIS 

(Meningococcus) 

HISTORICAL: -W cichsclbaum, in iS.Sj, first described this organism and 
established its caudal relationship with epidemic cerebrospinal meningitis. 
He also named the organism as Diplococcus intricvllnlaris meningitidis. 

1 hi s name describes the characters oi the organism, such as its tendency to 
inlect the meninges, its occurrence in pairs and its position inside the polymor¬ 
phonuclear leucocNies. It is Irecjuentlv termed the Mniingococcus. Its 
new nomenclature is \ei\seriii meningitidis. 

HABITAT: Frimary habitat ol meningitidis, both in actual “cases” of 
the disease and in * 'carriers, ” i> the throat and the upper part of the naso¬ 
pharynx. I inis, the organism is strictly a parasite, of man only, being 
mostly i onlined to the nasopharyngeal mucous membrane where it excites a 
mild catarrhal inflammatory reaction, resulting in a copious mucopurulent 
or \iscid disi barge. I'atimlngically, it is found in the exudates on the 
meninges and in the cerebrospinal fluid. In fulminating septica*mic cases, it 
i an be reco\ered from the blood. 


MORPHOLOGY 

Size: It is a small coccus, measuring about o*8 fi in diameter. 
Shape: The separate cocci are plano-convex. 

Arrangement : -It usually occurs in pairs, with the flattened surfaces 
apposed to each other. Although the diplococci are the commonest forms, 
single coccus or small groups, particularly in tetrads, are also seen. In most 


o 
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Fig. 155. 

The normal (A) and involution (B) forms of 
Neisseria meningitidis. 


cases, the cocci arc chiefly contained 
within the pus cells (intracellular), 
but they arc not so numerous as in 
the case ot a gonococcal infection. 
The intracellular position is not a 
site of predilection but is related to 
the degree of virulence of the stiain 
involved, and the cocci may be seen 
both intra, and extra, cellular, those 
of low virulence being readily taken 
up by phagocytes. 

The organism is non-spore-form¬ 
ing, non-motile and does not possess 
any capsule. 

Involution forms (Fig. 155) : — 

'There is a great tendency for these 
organisms to show involution formsj 
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the cocci losing their normal shape, size and staining characters. Thev 
become round, irregular and much swollen, staining hadlv (ghost forms) 
and afterwards undergoing disintegration. Such ghost forms ran ehicflv 
be scon in cultures and, also to a less decree, in the inllainmator\ exudates. 
Mexner observed that the production ol an aulolytic cn/\ me induces these 
degenerative changes in the cocci. 

STAINING REACTIONS: It stains readilv with aniline dves and when 
stained by (iram’s method, it l)eeomes (»ram-ncgat i\c. As a counter-stain, 
1:20 dilution ol /iehl-Xeelscn’s carbol luchsin is found to be most satis¬ 
factory. 

CULTURAL CHARACTERS: - 

1. 1 he organism is an obligatory aerobe. The growth ol \. meningi¬ 
tidis is definitely stimulated b\ replacing about 10 per cent. ol the air 1>\ 
C'() 2 gas. 

2. (irow th takes place best at the bod\ temperature (47 C.) and it dm ^ 
not usually occur at a temperature below 2 4 ( . 

V v 1 he optimum reaction ol the medium required is pi 17 

4. No growth occurs in ordinary agar 01 bioth. 1 he oiganism u- 
(piires blood or serum or any other nativ e albuminous tluul lor its eulti\ ation. 
Hence, the following media are employed jot this purpose, (n />/*>.m/ ogoi, 

(ii) scrum ngor and (iii) hydrocele </>/«/ tiscifu fluid, itgur. 

Character Of the colonies: rile colonies appear as disc ie!e, thin and 
translucent, moist, round discs. I hex can be easily n moved when tom lad 
with a platinum loop and are also easily emulsified. 

X(>TR : —Dorset’s egg medium is an excellent one loi keeping up stock 
cultures for a long period. 

Some general remarks about the cultivation of A\ meningitidis 

(i) It may be mcnl ioned that t he cult tire media should a! w a \ s 1 m pit p.iml 
as Iresh as possible. Sera and Indrocele and ascitic fluids which ha\c been 
kept lor a long time, do not appear to favour good giowth. 

(ii) A medium must always roiitam sullieient watei of condeiixa! ion, as 
a dry surface fails to produce an\ growth. 

(iii) Flood agar, blood-smeared agar. hvdroeele or asc itic tluid agar 
are better media than serum ones. 

(i v ) All ('ulture media should remain warm at the time ol thi inoe illation. 
Cold inhibits the growth. 

(v) for the deled ion ol the carrier condition, plate culluie is the best. 

(\i) Although \. meningitidis grows in a medium containing Iresh 
albuminous fluid, a growth can be obtained, sometimes, in an ordinary agar. 
For this purpose, a large volume, sav 4 to } < .c., of freshly drawn cere¬ 
brospinal fluid from a meningitis case is put into an agar slant and incubated. 

A thin film of growth takes place in the agar just above the fluid le vel. Shak¬ 
ing disturbs this growth. 
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(vii) Small quantities of nasal mucus arc said to enhance the growth of 
X. meningitidis, while saliva inhibits its growth, due to the presence of sali- 
vary bacteria, specially the* Streptoeocri. 

(viii) Sodium chloride acts as a poison to X. meningitidis, whereas cal- 
cium and potassium chlorides favour its growth. 

BIOCHEMICAL REACTIONS!— It lerments glucose and maltose, with 

the product inn of acid but no gas. It does not ferment saccharose. 
Fermentation tests can be carried out either in Hiss’s serum water medium 
(p. J 2 ) or in a solid medium, as used for X. gonorrheere (p. 26^). 
VIABILITY : - 1 he organism is very delicate, like X. gonorrha*;e, and is 
extreme!} sensit j\t- to changes of temperature and to the action of anti¬ 
septics, sunlight and dr\ mg. Organisms, both in culture and nature, die 
and disintegrate readily; hence frequent subcultures are necessary to keep 
them ali\e. It has been found that even with repeated subcultures in suitable 
media, the organisms may die suddenh . 

Longevity in cultures In most culture media, it is not advisable to 
keep a well-established strain lor longer than 10 da\s, except in Dorset’s egg' 
medium where, with waxed tubes, it ran li\e for more than six months. 

Longevity in inflammatory exudates —The organism is very 
intolerant to 1 onling and drxing. Hence, to ensure a successful culture from 
the spinal fluid of < ases of meningitis and from the nasopharyngeal secretion 
o| “ cases ” and “ carriers,” certain precautions are necessary. Fitlier 
l!it material is inoculated immediately it is collected, or if the patient is at a 
distance from the laboratory the plate or the slopes may be taken in a warm 
ja< krt and inoculated on the spot. Delay in making' cultures often results 
m failure. Net ter and Dcbrc (i()i i ) found that fluids rich in organisms gave 
oul\ sparse colonies after standing h to 10 hours at room temperature and 
wile inxariahlx sterile after iS hours. 

W hen cultixating dirceth from spinal fluids, it is advisable to inoculate 
the plate heaxilv (1 to 2 c.c.), sini'e many of the cocci in the exudate will 1 ail 
to dc\clop colonics, possiblx because of their prolonged exposuie either to 
bod\ fluids or to their own products in a closed space. .\ convenient and 
useful method of obtaining successful cultures is to inoculate a portion ol 
the plate hea\il\ with the material and incubate it at 37°^ • ^ or a ^ours 
and then to spread the material oxer the intire surface ol the medium. I he 
cerebrospinal fluid max similarly be incubated for some time before inocula¬ 
tion into culture medium. I his proc ess always increases the percentage ol 
positive cultures. 

VIRULENCE: _In artificial media, the degree ot virulence ol N. 

meningitidis xaries verx much. It depends on the time elapsed in making 
primarx culturc*s from the* cerebrospinal fluid, as a Icnv hours dclax xxill 
result in the* production ot colonies which are* less virulent than those obtained 
immcdiute*ly. Then again, the* medium in which a culture is maintained is 
also important. The experimental exaltation of virulence oi the euganism, 
though not alwavs constant, is best carried out by the intra-peritoncal 
inoculation of mice. Murray ami Ayrton made an interesting observation 
that the virulence ol the organism can be raised in vitro by the addition ol 
an extract of polymorphonuclear leucocyte >. 
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SEROLOGICAL REACTIONS:—'M'.n .\Vi>M-n;i "'tum^iiidis js 

injected into animal.s for iinintini.sinp purposes, the serum oI Midi animals 
develops the property of aj^plutinatinp thr homologous cocci and finally 
causing - their dissolution. It is in this way that sc\cral varieties ol strains 
have been isolated. For preparing the immune sera (agglutinating sera), 
voung* rabbits mav be* inoculated intravenously with the organism; usually 
2 to 3 injections of ^oo to 1000 millions of killed bacteria in one day at inters a] 
of one hour, followed bv yjooo millions of the cocci 0 days later, ssill wifh< c 
to produce a litre of abose i : t ,000 in about <) days. 


The following antibodies appear in the blood of a patient sufleiing I10111 
the disease, when life is prolonged lor a sufficient length ol time: (il 
agglutinins, (ii) specific opsonins and (iii) c owpletneiit-tixiii^ tnn/ns, I Inis, 
an agglutination reaction which is obtained with the patient's serum may be 
used in the diagnosis of the infection. 


VARIETIES: — (lord<>n, by apply¬ 
ing agglutination and agglutinin 
absorption reactions, has been able to 
differentiate several varieties ot 
meningitidis. Altogether four haw- 
been recognised and are called Types 
1 , II, 111 and IV. Antigenic' struc¬ 
ture of the individual strain is 
complex, as is shown in Fig. 150. 
It will be seen that Types 1 and 111 
appear to be closely related, as also 
Types II and IY. Some minor 
degrees of relationship, howew-i, 
exist between the \arious types, 
except between the Types I and 1Y 
which are absolutelv unrelated. 

ANIMAL INOCULATION : — 

When inoculated intraperitoneally in 
fairly large doses, it is pathogenic* to 
mice, rats and guinea-pigs; rabbits 
are extremelv resistant. There is no 


n m 



IV 

Fig. 156. 

Diaifraniinat w itpitti turn of the* 

ant menu* MmrttiiT «»| nou> t > 1 *«*- <>! 

A rissrrin mrniti<iif iilis. The rmnpara- 

tivc* r»*lat iori-liiji l.rt v the diflViTiit 

type**. 1.- " 1 io\mi t arrow,*.. 

C\f trom Kililr*. a nl Iiakcr’.** 1 11 11 - - 

tration >. 


tiue infection, but the animals die from toxaunia in 1 to .j days. The 
organisms do not multiply inside the body ol the animal. Thus, it 
will be seen that animals are not very susceptible to infection with N. 
meningitidis and the characteristic disease, as seen in man, is not 
produced in animals at all. Recently, blexuer has, however, been able to 
produce meningitis in monkeys bv intraspinal and intracerebral injections 
of pure cultures of the organism. 
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A comparison between N. meningitidis and N. gonorrhcece 

\ cissrriti meningitidis resembles A eisscna gonorrluvtc in manv respects, 
particularly in its appearance, staining reactions, cultural characters and 
viability. 1 he dillerences between the two organisms, however, are shown 
in the billowing table. 



N. gonorrhoeae. 

N. meningitidis. 

M tirphulngy 

Adjacent surfaces con¬ 
cave. 

Adjacent surfaces 
flattened. 

( ultnral iharintcrs 

Dysgonic (difficult to 
grow ). 

Growth ix slow. 

Colonies are viscid and 
difficult to emulsify. 

Kugonie (more easily 
grown). 

Growth is rapid. 
Colonies are easily 
emulsifiable. 

Hi'icfmuii <// f'li’pcrlics 

Ferments (acid without 
gas formation) glucose 
only. 

Ferments (acid with¬ 
out gas formation) 
glucose and maltose. 

io.xicitv 

Slightly toxic to animals. 

Highly toxic to 
animals. 


PATHOGENICITY 

X. nn nin^itidis does not produce any pathogenic lesions in animals. 

In HI M 1 Y BElXdS, it produces two most important conditions, viz., 
(i) Xasopharx ngcal catarrh (rhino-pharyngitis) and (ii) Cerebrospinal fever 
w ith meningitis. 

Mode of infection : —Most ot the cases (95 per cent.) acquire their 
infection bv contact with the so-called “ healthy " or “ primary carriers 
who are potentialh inl'ectixe. The two most important factors which help 
in the spread of the disease are (i) over-crowding- and (ii) increased capacity 
of spraying the germs during a catarrhal condition of the nasopharynx. 
It shouid be noted in this connection that transmission of germs, from one 
man to another sleeping in the next bed, occurs up to a distance of about 
3 bet and hence, bv spacing out the sleeping beds to a distance of 3 feet, the 
spread ol infection can, to a certain extent, be minimised. 

Carriers: —These are persons will: elected nasopharynx. The) may 
be primary and secondary. 
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(a) PRIMARY CARRIERS an* thost* who have not developed 
meningitis. These fall under two groups— 

(i) Contact Carriers, when they have been assoeiated with a ease of 
meningitis. Their rate is higher than that of non-contacts. 

(ii) \ r on-contact C arriers, when they have not been in eontaet with a ease 
of meningitis. These are the persons in whom X. miningitidis produces a 
primary nasopharyngeal catarrh (rhino-pharyngitis), without the development 
of meningitis and other secondary lesions. 

(b) SEC()\I)A RY (WRR 1 ERS are those in whose nasopharynx the* 
organisms persist after their recovery from tlu- more serious condition, 
viz., meningitis. 

In most cases, the condition of primary carrier does not persist for more 
than six weeks and only in 10 per rent, ol the case** it may persist longer, 
when thev are regarded as chronic carriers. In about 2 per cent, of tlit* cases, 
it persists for six to twelve months or even more*. 

Portal of entry: —Cerebrospinal lexer is an air-borne disease and is 
obtained, by “ droplet method,” dircctlx Irom an indix idual who happens to 
harbour the organisms in his throat. The latter gain entrance into the 
nasopharynx where they lirst localise, causing a catarrhal inflammation of 
the part. 

Infection with Neisseria meningitidis: This can be described under 
three stages as follows: — 

First stage- -Infection of the nasopharynx (Primary nasopharyngeal 
catarrh ). 

Second stage—(ieneralisalion <>t the injection f Sephncmia). 

Third stage—Localisation with the forma I ion of secondary or metastatic 
lesions. 

Stage of infection of the nasopharynx (Primary nasopharyngeal 

catarrh) 

Having gained entrance into the nasopharynx, the organisms produce 
hvpenemia and a catarrha 1 condition of the mucous membrane. In the 
majoritv of cases, the lesions do not progress and the cocci tend to die out 
in about three weeks’ time. Persons so inlccted are olten regarded as 
“ primary carriers (non-contact).” Elimination of the germs from the throat 
is effected by the primary defences of the body, such as phagocytosis, lx sis by 
leukins and bacterial antagonism. Apart from generalisation, extension of 
the infection into the accessory air sinuses of the nose, producing suppurative 
sinusitis, has been described. 

Stage of generalisation of the infection (Septicaemia) 

Oxving to an unusually increased virulence of the organisms and also due 
to diminished resistance and high degree of susceptibility, the cocci may get 
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into the genera! circulation through the inflamed and vascular submucosa 
and arc then disseminated throughout the body. At this stage, there may 
be a fulminant septicaemia without meningitis. In most cases, the organisms 
show a tendency to localise in various tissues, organs and fluids of the body, 
particularly the subarachnoid spaces. Skin rashes (petechia-) which are 
tound in this disease are due to an embolism of the smaller arterioles by the- 
circulating organisms. 

Stage of localisation with the formation of secondary or metastatic 

lesions 

I licsc art* meningitis , endocarditis, arthritis and localised abscesses. 

Meningitis—I lu* organisms show a special affinity for the subarachnoid 
space, where they excite an inflammatory reaction, causing; what is called an 
acute cerebrospinal lepto-meningitis. 1 he following; factors render the 
subarachnoid spaee a suitable habitat tor the Neisseria meningitidis: — 

(i) Absence ot opsonin* and complements in the cerebrospinal fluid. 

(ii) Impenetrability of this space to circulating; antibodies in the blood. 

(iiij Interference, during; infection, with its normal drainage by 
perixasrular cellular infiltration. 

There appears to be a good deal of controversy as to how the pia- 
arachnoid membranes arc involved. 1 he French observers, chief of 
whom arc Xcttcr and Debre, believe that the germs reach the meninges, 
either through the cribriform plate of the ethmoid bone along the branches 
of the olfactory nerves, or through the lymphatics in cases of suppurative 
inflammation of the acccssorv sinuses of the nose, specially the sphenoidal 
sinuses. On the other hand, many authorities in Germany, America and 
Great Britain, consider that the involvement of the meninges is due to a 
primarx septicaemia with secondary localisation in this area. It may be 
pointed out in this connection that in cases of catarrhal inflammation of the 
naso-pharvngeal mucous membrane, the barrier of natural resistance is very 
much weakened, as a result of which, pathogenic micro-organisms, such as 
Diploroccus pneumonia 1 . Streptococci, Hemophilus influenza? and also the 
Neisseria meningitidis, get a chance to invade the blood stream through the 
dilated blood and lymphatic vessels. This may explain the most fulminant 
cases of cerebrospinal fever in which patients die of a virulent septicemic 
condition, but where the characteristic lesions are hardly noticeable in the 
brain and meninges. From a very large amount of clinical and bacteriological 
experience, we believe that the N. meningitidis gain access to the 
subarachnoid spaces of the brain and spinal cord via the blood stream. 

When the pia-arachnoid membranes art* once reached, the organisms 
produce a verv intense and acute inflammatory process in the meninges, 
as well as in the brain. The lesion max b.... be called a true meningo¬ 
encephalitis. Such a lesion is associated * <n inflammatory exudate, 

consisting of a copious sero-fibrinous mate.. tangling in it innumerable 
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polymorphonuclear leucocytes (Fig*. 157). This at first appears at the base 
of the brain but subsequently it spreads to the 1 lateral surfaces, as well as 
to the vertex of the cerebral hemispheres where the exudate is olten very 
thick. The spread of the exudate from the base towards the vertex and its 
concentration at the latter situation may be* explained by the fact that 
normally the current of the cerebrospinal fluid passes from the base upwards 
to be absorbed bv the araclmoideal granulations (Pacchionian bodies). In a 



Fig. 157. 

IMiotomirmirra|»h ol \ 1 tr l‘»s. ^howm 
<'\M<lal<- 111 tin 

typical rase, the entire sutla<e o! the brain atid spinal cotd bcconn 
with a thiek sheet ol fibrim»-j>ti 1 ulent material, with tin intiuscU cngoigcd 
and dark pial vessels standing out in marked enntiast and all the sul* 1 
entirely obliterated (Kig. 1 5H). 

As there is a ^* r !oux interference with the normal drainage of the 
cerebrospinal fluid by the inflammatory exudate, there is alwavs an mrrease 
in its volume and tension. I his product's flattening ol the convolutions and 
the ventricles tend to be over-distended with the turbid fluid, 'flu* substance 
of the brain is soft and diffluent and when cut, appear* to be vcr\ nun h 
congested. 

In some ('Uses, the exudation is almost entirely confined to the base of 
tlu* biain, and spceialh to the under surface of the cerebellum and pons, 
extending- forwards as far as the optic chiasma and often affecting the tips 
of the temporo-sphenoidal lobes. It jy, j or this latter distribution that the 
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thM ‘ a r " ; ‘ s ni ' mr ‘ 1 Posterior basic - meningitis. This condition, which 
was first described by Gee and Barlow in 1878, occurs principally in infants 
between the ages of 6 months and 2* years, and is characterised by a very 

marked retraction of the head and the early 
development of hydrocephalus. The charac¬ 
ter of the cerebrospinal fluid, the nature of 
the micro-organisms and the morbid 
anatomy of the disease do not, however, 
diller materially irom the acute meningo¬ 
coccal meningitis of the adult. 

Endocarditis —Thi., is due to a localisation 
ol the organism in the cardiac valves. The 
lelt side is affected most and a vegetation, 
similar to that of Neisseria gonorrluea* or 
Diploroccus pneumonia*, is formed on the 
aflected valves. Endocarditis usuallv occurs 
sunn* time after the acute stage is over and 
in a patient who survives lur a long time 
alter meningitis. It is, alter all, a \erv rare 
< iccurrence. 

Arthritis —Sometimes, the synovial mem¬ 
branes and the periarticular tissues arc 
invaded by tin* organisms, producing an 
acute arthritis, with or without suppuration. 
It dues not differ from the other forms of 
sup]Mii;iii\t .uthropathn ^ ranged by pvogenic cocci. Tin* organisms may be 
ino\tml liuin tin joint fluid and pus. 

Localised abscesses- ()rrasionall\, the X. meningitidis, like other 
p\ i igrim <o(i i, ma\ produce miliary abscesses in internal organs, as well as 
undi 1 tin vlvin. j in im uUnce ol such a c'ondition, however, is very rare. 

Characters of the cerebrospinal fluid 

, . Physical: Both till* pressure and the amount of the fluid are con- 
Mdcablx in* nasd. In some cases, it may come out through the puncture 
needle in a jet, the quantitv exceeding loo c.c., before the normal pressuie 
and flow au it stout). On an average, this quantity is about 30 to 40 c.c. 

Gross appearance of the fluid: — 1 bis varies Irom a slight opalescent e 
to a marked lurbiditv. It is commonlv somewhat clear at an early stage ot 
the mlixiiim, but Iho.hu> increasingly purult-nt as tlu- disease progresses. It 
tends to bee,line dealer again, if the patient survives longer and the disease 
benuiies chronic. A slight green colour may be found in the purulent fluid, 
due to Ibe presence of altered hemoglobin and when allowed to stand, the 
fluid max clot. 

,. Chemical: There is a marked increase in the amount of albumen 
which mav rise front a trace in the normal condition to as much as o’2 to 03 
per rent. The globulin content also becomes high and Noguchi s buty.ic a 
tost is positive'. The disappearance of the Fchling-reducmg substance is also 

an important feature. 
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Noguchi's butyric acid test —To <>iu‘ part (o'2 c.c.) of the fluid are added 
five parts (1 c.c.) of a 10 per rent, solution of butyric arid in normal saline and 
heated to boiling*. One part (o'2 c.c.) of normal eaustir soda is then added 
and the mixture is allowed to stand for 5 to 10 minutes. A positive reaction 
is indicated by the formation of a heavy white coagulum. A faint but definite 
opalescence is, however, normal. 

4. Cytological :—-Polymorphonuclear leucocytes form the main bulk of 
the cellular elements, reaching' as high as (>i> per cent. If the disease is 
chronic, then* may be an increase in the number of lymphocytes and other 
mononuclear ( ells. The presence of intact red cells alw ays indicates an injury 
to vessels during lumbar puncture. 

5. Bacteriological l’ snail y, when a film is prepared from the turbid 
fluid or from the eentrifugalised deposit, and stained with the usual stains, 
the typical N. meningitidis are seen. They may be intra or extra, cellular 
in position, depending on the stage and intensity of the infection, as well as 
on the virulence of the organisms. The cocci may not be found (1) if the 
disease becomes chronic, (2) if the fluid is allowed to stand outside for a long 
period or (^) if specific serum therapy has been c arried out. After sim ;ii 
examination, a culture of the fluid in the usual wa\ will rc\cal the 
characteristic growth of the organisms. 

THERAPEUTIC CONSIDERATIONS 

Vaccines: —The use of vaccines in cases of epidemic cerebrospinal lexer 
has not been attended w ith much success. This is ob\ ions from the 
fact that the disease process is very acute and the infecting germs are intense¬ 
ly toxic. The use of vaccine-therapy in the treatment ol carriers has been 
equally unsuccessful. Prophylactic* immunisation with vaccines of \. menin¬ 
gitidis has been tried but without much success. The antibodies which 
appear in the blood do not reach the ce rebrospinal fluid. 

Antiserum: —Injections of antiserum in a case of meningococcal infec¬ 
tion of the blood and meninges have been attended with \cry marked benefit. 
Since its introduction in therapeutics by Flex u-r, the case mortality lias 
fallen from 70 to Ho per cent, to about 40 to 40 per cent. Resides lowering 
the incidence, the administration of antiserum lias definitely reduced tin- 
incidence of relapse and chronicity of the disease-. Another well marked 
advantage which is found, after treating a case with antiserum, is the* marked 
diminution in the rate of development of complications. The action of tin- 
serum is probably due* to the- presence- in it of opsonins, agglutinins and 
complement-fixing bodies, and not due- to any direct antitoxic or bac tericidal 
effect. Its injection is followed by an increased phagocytosis and diminution 
and disappearance in the number of cocci in the- cerebrospinal fluid. 

Mode of administration and the quantity are- the- important factors to 
determine the efficacy of the antiserum. It is also essential that a polvvalent 
serum be used and administered as early as possible. To obtain the maxi¬ 
mum effect, both intrathecal and intravenous injections should be made. 




LABORATORY DIAGNOSIS OF 


N. MENINGITIDIS 


285 


To star with, a lumbar pun,tun- should bo done and the excess of 
calm.spinal fluid drained of), until the rate of flow is about 60 drops per 
minute. wenty to thirty c.e. of anti-meningococcal serum at body-heat 
are very s ow ly injected through the puncture needle or preferably allowed 
to run m by gravity. About 40 to 60 c.c. of the serum are also injected 
intravenously . he piocess should 1»e repeated at intervals of 8 to 12 hours, 
according to the gravity of the case, for at least 4 to 5 days successively. 


I ROPHYLAXIS. As already mentioned, the disease spreads from ear¬ 
ners to normal persons, specially under conditions which lead to overcrowding 
and lack of ventilation. Hence, the essential step in limiting the spread will 
be to prevent overcrowding, particularly at night, to ensure free ventilation 
and to encourage an open air lile as far as possible. Prophylactic vaccina- 
tions have been tried but without mueh success. 


LABORATORY DIAGNOSIS 
A. Of epidemic cerebrospinal meningitis . 

Kvept during an epidemic, it is dibit ult or impossible to make a diag¬ 
nosis ot this disease without a laboratory examination of tin* cerebrospinal 
lluid. Materials usuallv examined lor the purpose are, in tin* order of their 
importance, ccrcln-ospnitil fluid, hhunl and nnsttplm ryngcal discharge. 

Cerebrospinal fluid: -I he material is obtained be means of a lumbar 
puncture and collected in a sterile test tube. It is then subjected to the 
following examinations; — 

(a) (iEXEKAE EXAMIXATIOX— This includes an investigation of the 
physical, chemical and rvtologieal changes in the lluid, which have already 
been described. 


(b) HACTENlOlAHilCAL EXAMIXATIOX— 

(i) Microscupiciil —A smear from a eentrifugalised deposit is stained by 
Gram's method lor tin* presence oi Gram-negative intracellular diplococci 
which ma\ be considered diagnostic ot an inlection with X. meningitidis. 

As mentioned before, the position of the cocci may be both intra and 
extra, cellular. The extra-cellular position of the cocci, i.c., free in the 
fluid, is associated with the increased virulence of the strain and this is 
particularly so in the most severe cases. In such conditions, the spinal fluid 
may be almost clear, having very lew cells but rich in cocci which may be so 
abundant as to he seen in every field of the microscope. 

(ii) ( ’lilt 11ml —Cultures are made on serum agar or blood agar and 
suspected colonies are recognised by their specific characters. They are then 
pieked off and their indentilieation is confirmed by the following: — 

1. Biochemical reactions (Fermentation of glucose and maltose). 

2. Agglutination reactions with *■ 


...etiingococcal serum. 
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For the latter test, a 24 hours’ growth is emulsified in sterile saline and 
standardised to contain 2,000 to 4,000 million cocci per c.r. Macroscopic 
agglutination is carried out usually with lour dilutions, 1 in 50, r in 100, 1 in 
200 and 1 in 400. The tubes are kept in the water-bath at 55°C\ lor 24 hours. 
Preparation of agglutinating sera has already been described. 

Serological grouping of any strain may be identified, if the type antisera 
are available. 

Note: —To obtain successful cultures from cerebrospinal fluid, certain 
precautions are to be taken and these have already been mentioned on 
pages 276 & 277. 

Blood:— 

1. BTA)OD cor XT —An increase of the polymorphonuclear leucocytes 
is always associated with infection of the meninges b\ \. mcningitidis. 
Although thi i may prove of assistance in the diagnosis, it is not specific and 
such a picture is found equally well in pneumococcal and other pvococcal in¬ 
fections of the meninges. 

2. BLOOD CUT/rrRE —As the disease is a septiwemia, specially in 
the early stage 4 , isolation of the organism from the blood may be possible 
(though very difficult), particularly in fulminant scptica'inic cases. 

3. ACGIA'TIXATIOX REA( T/< >X I his is useful onl> at a later 
stage, if the patient survives. The agglutinins developed in the serum may 
be demonstrated by an agglutination reaction with an emulsion <>t the bac¬ 
terial growth. 

Nasopharyngeal discharge - Vide under the diagnosis <>| < aniers. 

It, Of carriers: —Diagnosis of carriers imokes (i) isolation ul 11 u spe< i- 
fic organism from the nasopharynx and (ii) demonstration of specific agglu¬ 
tinins in the blood, particularly of those persons who haw ic<owrcd tinin the 
disease 

Nasopharyngeal discharge - 

COTsLhC I JO\ OF MAIhRIAL- Swabs should be talon from 
the postnasal space by means of a < urved pos nasal swab and spt -f 1 a 1 « arc 
should be taken not to contaminate the matciial with sah\a. l oi this pui- 
pose West’s tube is used. 

U csl s pusl-nasal suuih — It consists of a curved glass tube, containing a 
flexible wire with the terminal in. earning the cotton-wool pledget and 
bent to fit in the tube. (hig. 15*))* I he appai at us is steiiliscd as a whole 
with the wool plug at each end of the tube. 
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Method (FiR. 160) The tube is introduced into the mouth, passed up 
ln lund the palate and fmm this end the swab is pushed on to the roof of the 
nasopharynx, the tongue being depressed with a spatula. An appreciable 
pressure is exerted over the pharyngeal tonsil, and any adenoid tissue present 
.s brushed over u.th the swab, taking away the tenacious mucus and the 
micro-organ,sms u,th it. It is then retracted into the tube and withdrawn 
from tin* mouth. 



Fig. 160. 

Method of taking postnatal swab. 


/•:.Y M//V nIOX OF THE COLLECTED MATERIAL :—This con¬ 
sists of mil niM'opirai and cultural examinations which art* iurthcr confirmed 
b\ serological test^. Identification of the organisms in the nasopharynx oilers 
a great cIiHit 11 11 \, owing to the presence of a number of other Gram-negative 
(hj)lococci in that situation. I he chief organisms likely to cause confusion 
are \. catarrhalis, \. tla\a and X. pharyngis sicca. The following points 
ser\e to gi\e a positive diagnosis ol Neisseria meningitidis: — 

(i) Absence of growth on agar at room temperature. 

(ii) Rcad\ emulsification of the colonies in saline. 

(iii) Frrmentation ol glucose and maltose; non-fermentation of saccha¬ 

rose. 

(iv) Agglutination by anti-meningococcal serum. 

A table has been given on page 280 to -d.ow the diilerenees between the 
various Gram-negative diplococci that ar<.♦ in the nasophar}nx. 
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OTHER GRAM-NEGATIVE ALLIED DIPLOCOCCI 

The group includes the following: — 

1. Neisseria catarrhalis (M. catarrhalis). 

2. Neisseria flava (M. flavus). 

3. Neisseria sicca (M. pharvngis sicca). 

4. Diplococcus crassus. 

5. Diplococcus mucosus. 

Habitat:— T hey are commonly met with in the nasopharynx. 

Morphology: —All the organisms have a (lose resemblance to N. 
meningitidis. I). crassus is rather larger than X. meningitidis and, especially 
in subcultures, may tend to assume Staphylococcal forms. Capsules are pre¬ 
sent in D. mucosus. 

Staining reactions: —All of them are Gram-ncgati\c, with the excep¬ 
tion of D. crassus which shows a marked \ariation in its Gram staining 
character, as some of these cocci may retain the (tram's stain ((tram-positive). 

Culture: —They grow well at the room temperature (2 2°C.), both in the 
tropics as well as in the temperate climates, and can be cultivated easilv in 
ordinary media, agar and broth. 

CHARACTER OF COLOX 1 ES:- 

X. catarrhalis — Colonies closely resemble those of \. meningitidis, but 
are larger and more opaque. Colonies are extremely tough and do not 
ernulsifv easilv. They can, however, be easily picked up from the media. 
When touched with a platinum loop, the whole colony is removed. 

X. sicca — Colonies are very tough and dry and adhere to the medium. 

N. flava —It is chron/ogenic and develops a yellowish colour after 48 
hours’ incubation. Three varieties of this organism have been described. 

D. crassus —Colonies are small and resemble* those of streptococcus. 

1 ). mucosus —Colonies are of a slimy consistency. 

Biochemical reactions: —See the table on p. 289. 

Serological reactions: —None of them are agglutinated by antimen- 
ingococcal serum. 

Pathogenicity : —Most of them are devoid of any pathogenic property, 
with the exception of the N. catarrhalis which produces nasopharyngeal 
catarrh. 
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Gram-negative cocci 
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+ = Positive reaction; o = No reaction. 

Diplococcus mucosus is differentiated from all the members of this group by the presence of a capsule and production 
of mucoid colonies. 
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ACID-FAST ORGANISMS (MYCOBACTERIA ) 


The arid-last organisms arc* so railed, bevause of thr property tluv 
possess, when stained with basir fuehsin, of retaining tin* red colour after 
being* treated with dilute mineral acids. Ibis property aj)pears to be due 
to the existenre of a lipoid envelope which surrounds the bacterial body and 
resists the action of the* acid on the stain. 

The following are the* common arid-last organisms: — 

I. Pathogenic to man and animals: -- 

1. Mycobacterium tuberculosis (B. tuberculosis)- The «*ausati\e 

organism of tuberculosis in animals (bovine tvpr) and man 
(human type). 

2 . Mycobacterium leprae (H. le-pra i- The causative organism of 

human leprosy. 

3. Mycobacterium leprae murium I lu* organism o! rat lipmsy 

.}. Mycobacterium paratuberculosis (Bacillus of Johne’s disc ns< 1 I la 
causative organism ol ehronie enteritis of rattle- and slurp. 

II. Noil-pathogenic to man (having a saprophvtic existence): - 

3. Mycobacterium smegmatis (B. smegma). 

(>. Mycobacterium butyricum (The IVtri-Rabinow itsrh butter bacillus). 
7. Mycobacterium phlcei (Merlin's Timothy-giass bac illus). 

MYCOBACTERIUM TUBERCULOSIS 

(Bacillus tuberculosis) 

l lii • ati,:uilirc m i;iiiii.\ni u\ liihrn itln.\is. 

HISTORICAL: In the stuelv ol the* subject of tube n ulosis t hi ce* gi eat 
names are worth mentioning: — 

Laennec (Fig. ifn), a French clinician, who himself was a consumptive 
and succumbed to the* disease, gave* the* first scientific and aevurate descrip¬ 
tion ol the “tube*rcle*’ and the various either lesions of ‘consumption" in 
1819. 

In the* year 1863, Villemin (Fig. 162), a French Military Surgeon, proved 
for the first time that ‘tube-rede’ is a speed lie affection and its cause is an ino- 
culable agent. 
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F »8* 161 « Fig. 162. 

II. I II. l.ii-tmiT <17^10 s-jc,. j \ Vi Hem in (1*27-1 *f>2). 

( r mm Calmette's t uherculnsis; by kind (From Calmette's tuberculosis; bif kind 

permissimi of M illmms ami W ilk hr; - - - ' of William* and Wilkins 

Com pa ay). Company). 

1 he snt'r«ss|u! discovery of the real etiological agent, viz., the M\co- 
4 *actcrium 1 uhermlosis, was rcserwd for a Herman Physician, Robert Koch 

(hig. 163), who, in 1SS2, demonstrated 
and successfully cultivated the causa¬ 
tive organisms from tuberculous 
material. He was also able to re¬ 
produce the disease in animals by ino¬ 
culation methods. In the same year, 
Ehrlich discovered the peculiar acid- 
fast character of the organisms. 

HABITAT: —Mycobacterium tuber¬ 
culosis is strictly a parasitic organism. 
The human type is not encountered as 
a normal inhabitant in the human 
body. It is, however, found in per¬ 
sons .suffering from tuberculosis. The 
bovine 1\'pc of infection in human 
beings is obtained from diseased cat¬ 
tle, usually through infected milk. 

VARIETIES:— 

’ w vcnhactcrium tuberculosis 
/i, . The causative organism of 

t" -*sis in man. 
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2. Mycobacterium tuberculosis bovis —The prevalent organism in 
animal tuberculosis and also responsible for a small percentage of human 
tuberculosis, specially in children. 

3. Mycobacterium avium. 

4. Mycobacterium piscium. 

MORPHOLOGY: —It is a rod-shaped organism, measuring about 2 to 4 ft 
in length and o’2 to 0 5 ft in breadth. In stained preparation, the orga¬ 
nisms often show a beaded or granular appearance. The former is due to 
the presence of one or more unstained or slightly stained intervals and is 
considered to be due to the segmentation of the ehromophil substance; the 
latter is due to the presence of deeply staining granules (chromatin 
granules). 

It is a non-flagcllafed, non-motile and nott-sporing organism. It does 
not possess a capsule but the bacterial body is provided with a lipoidal 
envelope. 

STAINING REACTIONS: — Ordinary aniline dyes fail to slain the bacilli 

satisfactorily, the lipoid envelope resisting tin* penetration ot the dyes. 
Differential stain (p. 14), sueh as Zichl-Ncclscn’s te« hnicjiu , is usually till- 
plovcd. This is the classical stain and by this method (p. jj), the ba< illi 
are stained well and when ce stained, they resist decolorisation by dilute 
mineral acids (acid-fast) or alcohol (alcohol-fast). This staining peculiarity 
(Fig. 164) renders it possible to make a positi\c bacteriological diagnosis 



Sputum stained by Ziehl-Neelwsn’s method, showiuir the acid- 

1 MaTachitB 111* C ?} 0U V ot Mucob^teriumZ’bc^Joii,. 
Malachite jjreeu has been used as the counter-stain. 
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in tlu- majori, v of cases by the mieroseopic examination of a stained smear 
only. When stamed by dram’s method, it is dram-positive. 

CULTURAL CHARACTERS:— The following points should be remem¬ 
bered in connection with the cultivation of the organism: — 

t. C ultivation of Mycobacterium tuberculosis in ordinary media is 
absnlutcU listless, special media beiiu r therefore necessary. 

-• <i,mNth ol ,lu - organism is very slow. It takes about 2 to 3 weeks 
belore an\ growth takes place, hor this reason, the inoculated tubes are 
sealed with paraHin to prevent evaporation. 

3. I luting method tor isolation cannot be used, because bv the time 
the M. tuberc ulosis will develop, the plate is overgrown by other contaminat¬ 
ing organisms. 

3. (»l\rerin (5 to S per rent.) and albuminous materials promote greatly 
tlu growth ot tlu bac illi, particularly of the human tvpe. 

5. It grows best aerobically at a temperature of 37°C. To allow a 
tree- access to the owgen of tlu- atmosphere, the sealed tubes should be 
opened from time to time. 

f>. It resists the action of antiformin (10 to 30 per cent.) or caustic 
soda (3 per cent.I. 


Media for the growth of M. tuberculosis :— 

A. For primary culture: —Culture of M. tuberculosis may be obtained 
direct from a tuberculous material with certainty on solid media containing 
ghcerin or albuminous material. Before inoculation, however, the material, 
if contaminated with secondary micro-organisms, must be treated with anti- 
iormin (;-n/c p. ^17*. For primary culture, the following media are very 
useful: 1 )> >rset ‘ s cg*» medium, inspissated blood scrum medium mid Petrofj s 
medium (p. (>5). 

Chi,racier „i the growth Tlu- human type grows luxuriantly (eugonic) 
in all media and mav form a wrinkled film (Fig. ,65) <>r a vcrrucose (mam.l- 
lated) growth (Fig. iWd which is irregular, tough and looks dry. The 
growth is not readily emulsified. It is at first white but later becomes bu - 
coloured. T he bovine type, however, grows scantily (dysgomc) an primary 
culture on glvccrinatcd media often tails to show any growth. 

B. Tor subculture, the following media are very useful— coagulated 
serum medium and Dorset's egg medium. 

C. For mass cultures —The medium commonly used is ghttrui / ^ 

This is usual nutrient broth into which 5 to 6 per cent, of £ 1 > u - n ‘ 1 1J 
added. The bacilli form a white wrinkled pellicle, which sprta s 
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surface of the medium (Fig. 167). 
This mode of growth is suitable for 
the production of tuberculin. Glyce¬ 
rin potato medium (p. 65) may also 
be used for this purpose. 

VIABILITY:— Acid-fast bacilli, 

while very susceptible to heat, are very 



A B A R 

Figs. 165 and 166. 

<I row tli of M ycolnicterium htln r< ulo\is on oh.I im•«! 1 a. 

A Bovine t>|»e, B Human *>|m 


resistant to chemical disinfectants. For instance, tin- bacilli an killed when 
exposed to moist heat at (h>'C. in 15 to 30 minutes, lint th<\ ma\ Minin 1 
the action of 5 per cent, carbolic acid for several h«»uis. 'I bus, in their 
susceptibility to heat, they resemble other non-sporing bacteria, while in 
their resistance to chemical disinfectants, they resemble the spore-bearing 
organisms. When exposed to a temperature of (^ C C. in milk, they are killed 
in 1 minute. This is very important from the public health point, as bv this 
means, the infective power ol a tuberculous milk is destrovt*!. I he bac illi c an 
withstand the action of gastric juice and hence, when ingested, < an pass on to 
the intestinal canal where they produce their characteristic lesions. 

Another point to be remembered is that the organism can survbc 
putrefaction and its staining character (acjd-fast property) is not altered in 
any way. Micioscopic examination of a stained smear of such 
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decomposed materials will enable 
one to {jive the diagnosis of M. 
tuberculosis. 

Sunlight and desiccation have 
a very important bearing on the 
vitality oi the M. tuberculosis. 
Direct sunlight is very injurious 
to the bacilli. In dried sputum, 
the bacilli may retain their viabil¬ 
ity for weeks and months, 
specially when protected from 
strong light. This point should 
be borne in mind, as such a dried 
infected sputum is the common¬ 
est source of tuberculous infec¬ 
tion. 1 hese conditions are more 
favourable in dwelling houses 
than in open places and it is for 
this reason that the open-air 
treatment and an outdoor life are 
specially advised for a tuber¬ 
culous patient, as by this means, 
not only the general resistance is 
increased but the infectivity of a 
case is also minimised. 

It has ahead) been mentioned 
that M. tuberculosis resists the 


Fig. 167. 

f'tnut) \1 t iihti’cuhriis' hitminis Hi 

• on ii .. . w 1 iiikii'ti film of 

moiwh wiiirh »pr»*;ui up ft 

I«1.4 m ic» dilution. 1 his knowledge 


action of certain chemical agents, 
ulyo nn i.g., (i) antilormin, 10 to 30 per 
cent., pit caustic soda, t to 5 per 
cent, and (iii) gentian violet, t in 
is utilised in isolating the organism from 


materials « .mtanimated with secondary organisms (rule antilormin and Pcl- 


fotj\ method 1 and also in the preparation ot eulture media (Pctroil s media). 


TOXIN PRODUCTION: riu* bacilli do not produce anv e\oto\in. The 
to\u* stil,si;ui,vs are tisuallx derixed from the disintegration of the bacilli 
theniseKes and thus onl\ cihl<*t<>.\ins arc axailahle. Prcpaiations consisting 
<>! suspensions or extracts of such disintegrated products ot Myeobactciium 
tuhenulosis arc called tuberculins w hit'll arc exactly the same, whether 
prepared horn a human or a bovine strain. 1 hat obtained from the human 
strain is designated as T and the one from the bovine stiain as 1 1 . 

Varieties of tuberculin: — l'I utc an- various nuthods ol picpaimg 
lulx ivtilin, lull the two most commonly employed lor diagnosis and tuat mint 
t he follow ing : — 


1. Kochs Old tuberculin A good strain, either a bovine 01 a 
°ne, is chosen and is allowed to grow as a surl.ue film in flat-bottona c 
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containing 5 per cent, glycerin broth. After 6 to S weeks’ cultivation at 37°C\, 
the bacilli are killed by heat at 1 is°C. in the* autoclave for half an hour and 
the culture is filtered through a porcelain filter. The filtrate which is then 
evaporated over a water bath at So°C*. to one-tenth of its original volume, 
constitutes the old tuberculin and contains disintegrated bacillary bodies, 
soluble products of bacteria not destroyed by heat and substances derived 
from the medium. The preparation is then standardised and its potency is 
compared with that of a standard product, on tuberculous guinea-pigs 
(infected 3 or 4 weeks previously). 

2. Koch’s new tuberculin (Bazillen emulsion or B E.) -Masses of living 
bacilli, obtained from cultures on solid medium or a film from fluid medium, 
are dried in vacuo and then ground up in a mechanical mill, until no intact 
acid-fast bacilli can be found on microscopic examination. This is then 
emulsified in 50 per cent, aqueous glycerin, so that 1 c.c. of the fluid contains 
5 mgm. of the bacillar\ substance. Ibis preparation corresponds to a 
bacterial vaccine. 

Chemical nature of tuberculin: So far it has been analysed into two 
portions—(i) a carbohydrate moietv which reads with the antibodies in vitro 
and (ii) a protein residue which is responsible t«>r the tuberculin effects. 

Uses of tuberculin: — This ma\ be used for two purposes, (i) ;is an aid 
to diagnosis (vide p. 320) ajfvl (ii) as a therapeutic agent (vide p. 314). 

Tuberculin does not produce an\ ill-effects in non-tubcrculnus body and 
it is onlv in the tuberculous animal that it appears to be toxic. It will be 
mentioned later that tuberculous animals develop a supersensitiveness to 
tuberculin. Hence, when toxins of the M. tuberculosis are injected into 
susceptible animals, they manifest this Inpersensitivcness in the following 
ways: — 

1. .1 haul reaction —'This consists of an inflammatory swelling produced 
at the site of the inoculation. 

2. .-1 general reaction, indicated b\ malaise and p\rexia of \ar\ing 
degrees. 

3. .*1 focal reaction - I his is an exacerbation of the inflammatorv 
reaction produced around the tuberculous lesions, and is manifested bv an 
increase in the local signs and symptoms of the disease. This focal reaction, 
by producing increased vascularity and cellular response, might lead to the 
encapsulation of the* tuberculous lesion, producing a cure; or if the lesion is 
superficial and visible, e.g., in lupus, the latter may be liberated and cast off. 

I hese reactions, accordingly, supply some valuable means by which the 
presence of tuberculous foci in the body can be recognised. From the 
results of the focal reaction, it will be observed further, that tuberculin can 
be applied both for therapeutic as well as for diagnostic purposes. The 
employment of tuberculin may thus act as a stimulant to the tissues in the 
neighbourhood of the tuberculous lesions and thus be beneficial; it may also 
aid by leading to an increased production of specific antibodies. 
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SEROLOGICAL REACTION: I lie following antibodies have been 
demonstrated m the serum of a patient suffering from tuberculosis, such as 
opsonins, agglutinins, complement fixing bodies. The development of such 
immune bodies no doubt raises the general immunity to a certain extent, but 
they do not conduce to a rapid healing. This is because the nature of the 
histological lesion is such that some of ,hc bacteria are beyond the reach of 
these protective substances. Hence, attempts to treat tuberculous patients 
"ith artificially prepared antisera were unsatisfactory. Some of the 
scmlogieal tests (:•/</<• inlru) arc employed in the diagnosis of tuberculous 
infection but they cannot be relied on too much. 

ANIMAL INOCULATION 

Choice of experimental animals: —Ol all the animals ordinarily used 
in I lie laboratories, the guinea-pigs and monkeys are the most susceptible to 
tuberculous infection, particularly when one is rising the. bacilli of the human 
type, 1 he r<i kbit is somewhat resistant but succumbs very quickly to inocula¬ 
tion with the bovine bacilli. One-tenth of a milligramme of a culture of 
bo\ inc bacilli usualK suHico to kill a rabbit in less than two months, while, 
with the human bacilli, it is, as a rule, refractory to infection bv the same 
pat h w ith e\ en m ni^ms. 

Methods: The lesions ran be produced experimentally in animals bv 
the following methods -/.y injections (intravenous, iniruperiioncul and 
subcutaneous I . hy inhalation, hy iuidnr instillation and hy ingestion. 

1. By injections: —The acuteness of the* lesions will depend on the dose 
ot the bacilli and the route of inoculation. With intravenous inoculation, 
ac ute general miliarx tuberculosis is induced in susceptible animals. The 
txpical lesions are lound in the spleen, liver, lungs and 1} mph nodes. 
Miliars a> well as nodular lesions are produced. With intrapcritoncal 
inoculation, the same forms ol general tuberculosis are produced as in the 
rase of the intravenous injection, but the) are less acute in nature. Local 
lesions in the peritoneum are also seen. \\ ith subcutaneous inoculation of a 
small dose of bac illi, there is a tendency to a primary localisation at the 
seat of the injec tion, with involvement of the regional lymph nodes. Later 
on, there mav be* general dissemination by the blood, depending on the 
number and relative virulence of the infecting organisms, as well as on tho 
species of animal used. I he usual site ol inoculation is either the lower pail 
ot the abdominal wall or the upper and medial aspect ol the thighs. 1 he 
first sign of the disease is manifested about 8 to io days later, by the swelling 
of tlu* nearest 1\ mph nodes. 

Tlu- usual mode of inoculation, however, is the subcutaneous one, but 
intrapcritoncal methods may also be employed. Intravenous route is not 
used under ordinary circumstances. 

2 . By inhalation :—Pulmonary lesions are easily induced by this method, 
and it has been observed that one virulent bacillus is sufficient to cause 
infection in a guinea-pig. The lesion is visible to the naked eye on about the 
ninth day. With massive doses, however, the Infection becomes genera tse . 
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3. By ocular instillation: —This is carried out by the simple instillation 
of a drop of sputum containing’ the bacilli or of a culture upon the surface of 
the conjunctiva. The local eye changes will vary according to the dose of 
the bacilli instilled. The first apparent manifestation of the infection is the 
enlargement of the glands in the submaxillary region. 1 he enlargement of 
the cervical and retropharyngeal glands quickly follows and the latter form a 
mass in the neck. In guinea-pigs, pulmonary lesions with involvement of the 
tracheo-bronchial lymph glands and intestinal lesions with involvement of the 
mesenteric glands may be observed later. 

4. By ingestion: —This method consists in painting the inside of the 
cheeks with the infective material, or mixing the bacilli or tlu* bacillus- 
containing material with food which the animal may be made to feed upon 
or which may be introduced directly into the stomach by means of a syringe* 
and oesophageal tube. The development of tuberculosis dues not always 
follow this method. When successfully infected, the mesenteric lymph nodes 
become enlarged and caseous and later on, there may be involvement 
of the lungs. 

The value of experimental tuberculosis— The facts which have 
emerged from these experimental works on tuberculosis are that, whatever 
may be the avenue of infection (except intravascular), there is a definite and 
distinct primary localisation, either at the point of inoculation or in the 
adjacent lymph nodes, whether the dose is large or small. In conjunctival 
instillation and feeding experiments, the bacilli may pass through the mucous 
membrane, without producing any local lesions or leaxing an\ trace of their 
passage, but the adjoining lymph glands which form the- second line of 
defence are always involved. If tin- dose of the bacilli is large and the 
animal is highly susceptible, some of the* organisms may readih pass into the* 
general circulation, causing a generalised infection. 

PATHOGENICITY OF MYCOBACTERIUM TUBERCULOSIS 

Animals: —Bovine animals are mostly affected and are responsible for 
the greater part of the tuberculosis in mammals. Stalled animals are more 
affected than those which enjoy more freedom. In our country, however, 
bovine tuberculosis is not so common, but in the British Isles, it may be as 
much as 25 to 30 per cent, and it is much more so in Scotland. 

Apart from all the varieties of lesions occurring in every part of the body, 
the one which concerns us most is the disease of the mamma (Figs. 168 
169). The bacilli may be excreted with the milk, not only in a diseased con¬ 
dition of the udder itself, but even without any lesion in it, the disease being 
situated in other parts of the body. The type of the organism concerned is 
Mycobacterium tuberculosis bovis. 

Swine :—These animals are always infected by ingestion through the 
alimentary canal. The lesions may be caused by all the three types of bacilli 
but chiefly by the bovine strain. 

Other domestic animals, such as the horse, ass, goat, sheep, cat and rat, 
hardly ever suffer from tuberculosis, except when they live as cohabitants for 
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Fig. 168. 
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Fig. 169. 


Longitudinal section of an udder, 
containing a tuberculous cavity. 


<From ( ulmctte s tuberculosis; by kind permission of Williams 
ami Wilkins Company). 


II till iinttnals are ne\rr affected with tuberculosis spontaneously, but in 
captivitv, the\ m;t\ he rendered susceptible to it. 

A <*/( .- I he M\rnhaeterium tuberculosis, obtained from tuberculous 
legion*-* in animals, is mostl\ ot tlii‘ bovine tvpe. 


TUBERCULOSIS IN HUMAN BEINGS 

Modes of infection and pathogenic lesions :— 

A. Pre-natal — Hereditary or congenital transmission of tuberculosis may 
be considered under the following heads, conceptional (germinative) and 
transplacental. 

1. ( <nict'f>ti<nuiJ or genu inn live tuberculosis is impossible, because the 

growth of the Mycobacterium tuberculosis will certainly destroy the infected 
ovum. 


2. Transplacental route, though a possibility, is very remote. Ihc bacilli 
cannot get into the fcrtal circulation, unless there is some placental tear. 

Raritv of hereditarv transmission of tuberculosis is proved by the fact 
that offsprings of tuberculous parents, il separated immediately after birth 
from the latter's contact and guarded subsequently against infection, may 
remain perfectly free from the disease. The part played by heredity in this 
connection is the production of a ‘ diathesis ' -hich makes the offsprings less 
resistant and hence more prone, to the hr. 
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B. Post-natal: —This is always the ease. The M. tuberculosis may enter 
the system through all the surfaces of the hotly which are open to invasion 
from the exterior. They are the following:— skin, conjunctiva, genito¬ 
urinary tracts, alimentary tracts and the respiratory tracts. Of these, the 
last two are by far the most important routes for post-natal infection. 

1. SKIN —Transmission through the skin, though relatively infrequent, 
sometimes does occur, producing the condition known as “ Lupus vulgaris.” 
The skin of the face, nose and the neighbourhood of the anus is particularly 
liable to be affected. As this condition is most commonly found to be 
associated with the bovine type of bacilli, the* probability for a direct infection 
is very great. Skin infection may also take place in tin* post mortem and 
dissecting rooms, such a condition being used to be called “ I’erruca 
nccrogniica of 117 / hs ” (post mortem warts). 

2. CON JI NC'LI VA —'I'his may be* infec ted by wiping the e yes with a 
handkerchief soiled with tuberculous sputum (by a nurse ), but it is not \ cry 
common. 

3. GEX 1 T( M ’RINA R Y ---This method of infection may occur, although 

it is somewhat uncommon. Tithcrcuhtsis the cervix uteii is an important 
pathological lesion and it is often mistaken for an erosion or a 
carcinoma. 0 

4. ALIMENTARY 1 'RACTS —The common vehicles of transmission 
are infected cow’s milk, infected cow’s or pig’s meat and infected sputum. 

Although the* gastric' juice does not kill the M\eobaetermm tuberculosis, 
still infection of the stomach is very rare*. The only two places trom 
which the bacilli may ente*r the* bod\ are (a) the- bucco-phan ngeal and (bj the 
intestinal, mucous membranes. 

Bucco-pharyngeal mucous mcmhiuine -lhc chief sites of entrv are the 
tonsils, pharynx, lingual lymph follicles and the teeth sockets. The bacilli 
pass through the lymphatic circulation into the* upper cervical and the 
submental glands. Though the* infection is most commonlx obtained from 
infec:tcd milk, the possibility of the above lesions in cases of pulmonarv tuber¬ 
culosis should also be borne in mind, as during coughing, the* infected sputum 
scatters the bacilli all over these surfaces. The most important fac tor which 
facilitates the entrance of the* bacilli through this channel is the unhealthy and 
chronically inflamed condition of the tonsils. I’nder suc h circ umstances, the 
normal protective powers of the pharyngeal mucous membrane and the 
tonsils disappear and hence, the* bacilli can easily pass through them. The 
role of pyorrhoea and carious teeth in transmitting a tuberculous infection 
should always be borne in mind. 

1 he risk of a tuberculous infection through these sites bv ingestion of 
milk is not very great in our country, owing to the fact that bovine tuber¬ 
culosis is not so common here. 
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Intestinal mucous membrane— The bacilli penetrate chiefly through the 
lymphoid follicles and the Fever's patches. Hence, the lesions are always 
more numerous and increasingly extensive as one goes towards the ileo-ccecal 
junction. Ill e bacilli cun also puss through the mucous membrane without 
producing any gross lesion at the site of entrance. 

A(t<T penet i tit ion, tlu*y may develop the following lesions: — 

(i) I hey may start an irritation and inflammatory reaction in the 
submucosa, specially in the hmphoid lollicles which mav soften and break 
down, producing intestinal ulcers. 

( ii) \\ it bout producing any gross lesion, either at the site of entrance or 
in the submucosa. the\ may pa-ss on to the nearest group of lymphatic glands, 
where they may he caught and where a tuberculous inflammation starts. In 
this way, glands alter glands may be aflected, producing the condition 
commonly known as tains mesenterial (Fig. 170). 



(iii) From the lymphatic glands, 
the bacilli may ultimately reach the 
general circulation, producing 
lesions in the lungs and other 
organs, or a condition of general 
miliary tuberculosis may ensue. 

(iv) These glandular masses, by 
a process of contiguity or by 
rupture, may infect the general 
peritoneal cavity, producing a 
clinical picture of tuberculous 
peritonitis . 

This mode of infection through 
the lower alimentary tracts is 


Fig. 170. 

Enlargement of mesenteric lymph notles 
due, to tuberculous* leMon {Tabes mesen¬ 
terial). 


considerably facilitated, like that 
in the case of the bucco¬ 
pharyngeal mucous membrane, by 
any condition which produces a 


catarrh of the alimentary mucous membranes. Some of these conditions 


arc chronic diarrhoea, measles and rickets. This last named condition 
produces a chronic catarrhal inflammation of all the mucous surfaces of the 
hodv, and hencc, it acts as a wry important predisposing factor to infection 


by Mycobacterium tuberculosis. 


.V B —Tuberculous ulcerations of the large bowel are not so common as 

those of the small gut. In the cecum, . .. a product,ve type of 

inflammation develops, which is often mist. a neoplastic mass, 
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Calmette’s theory of tuberculous infection According- to him, thorac ic 
tuberculosis in adults and children is caused by bacilli which reach the* lung’s 
and the tracheo-bronchial lymphatic glands from the alimentary tracts by wav 
of the lvmph-and blood-stream, i.e., the infection is primarily lymphatic and 
then haemal, and results chiefly from tin* absorption of the M. tuberculosis 
from the alimentary tracts. Although very strong expe rimental evidences are 
available from pathological and anatomical points of view to prove* his 
theory of infection, there are other equally strong reasons to be lieve that this 
is not the usual mode of infection in eases of pulmonarx and thoracic 
tuberculosis. 

RESPIRATORY TRACTS: -In the majority tin tin 

normal mode of infection in human tuberculosis, the 1 disease being commonly 
transmitted by dried, finely divided sputum of phthisical patients. 

Aschoff’s theory of pulmonary tuberculosis: -According to him, human 
subjects gc*t their primary infection in early childhood (within the first 5 w ars) 
by inhaling dried sputum which contaminates the* dust and atmosphere. The 
bacilli lodge in some part e>f the lungs and produce* a pulmonarx lesion < t 
varying degrees. This has been called by Aschoff as the “piiman allVet.” 
After this, one or all of the following conditions may take place. 

(1) 1 he lesion, after reaching a certain stage, max involute 

up completely with fibrosis and calcification. Such a healed up / 
been referred to as the “ (Lion's bodies ” (:•/*/«• Fig. 175). 

(-) The lesion may increase and the infection max spread to the tracheo¬ 
bronchial lymphatic glands which may be considerably enlarged and caseous 
(Fig. 171). This condition of glandular enlargement may take place even 



Fig. 171. 


3MrJ?"^J U ^ er . eu,0piB With marko<i caseation of the hilar lumph nodes a 
character.sueMe.,on. «». ly four,.! m children. The. Icon. haVe'loYprVud 
into the pulmonary tissue, caucus; miliary tuberculosis. 
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0 , pulmonary kaion. Such enlarged lymph nodes 

produce a .-Imra,.'ter,Mm shadorv In X-ray pic,ores and are sometimes 

classified as lulus tulwrculosis ” S. u h 1 , . , , 

. ** ^ucli cases, however, under suitable 

conditions, may also progress favourably and the lesions may heal up 

completely, leaving behind healed, calcified nodules in the lungs and calcified 

lymph nodes at the lulus ((ihon’s bodies). 

(.>) On the contrary, the lesions 
may progressively increase in the lungs, 
as well as in the neighbouring lvmpha- 
tic glands, due to poor resistance and 
bad environments. Localh, the lung 
tissue is involved, leading to a wide¬ 
spread raseation and breaking down, 
producing a condition of caseous pneu¬ 
monia or broncho-pneumonia (Fig. 

17 -?) -exudative type ot lesion (Wi/r 
infra I. I he infection mav also pass to 
the general blood stream via the 
t racheo-bronc hial Iwnph glands and 
the thoracic duct, producing a con¬ 
dition ot generalised tuberculosis 
(acute miliary tuberculosis). These 
cases usual!) end fatally. 

In those t ;*ses where the lesions 
involute and heal, the infection leaves 
behind two important etleets in the 
host i tlletgv and immunity. The 
former is a condition ot hypersensi¬ 
tiveness ol the tissue cells to the 
tuberculous poison and on this 
depends the tuberculin reaction. The 
latter inrrcasi> the resistance ol the 
individual against subsequent in¬ 
fection. 


* r ' , 

&■ * & 

j 

K 'V 


Fig. 172. 


Sueli persons in later life are con¬ 
stant Iv exposed tt> re-infections, but (a.-eous broncho-pneumonia (Phthisis flori- 
. , da : Galloping phthisis), 

me course will vary according to the Thi „ is an example of exudative type of 
; . , . * , . .. legion which is usually found in persons 

intensity and virulence ol the infecting with little or no immunity. Specimen 

doM- and the amount of immunity ^»f *n 7 tZo*T!i 

(K vdt *P‘‘» <>‘Ting the primary infec- &T 

l ‘<>n. For instance, if the infecting severely affected. 

dose is small and is received at sufficient intervals, the i nun unit} develops 

during* primary infection may be enough to cooe with it and prevent 
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onset of the disease. Such a re-infection further increases the immunity 
to a greater extent. It is in this way, that the subsequent onset of 
tuberculous infection is prevented. This explains why human races 
who are never infected primarily with tuberculous injection in their 
early lives, offer a poor resistance when they are subsequently exposed 
to infection and usually suffer from a virulent type of the disease. In 
our country, the hill tribes irom the Himalayas are typical examples. 

When they come down to the plains and become infected, they, being 
susceptible, invariably succumb very quickly to a rapidly spreading 

exudative type ol the disease. 

If the infecting dose is henry and mossier, or is received in 

repeated small doses in quick succession (this producing a cumula¬ 
tive effect), the primary immunity is unable to cope with tin- 

strength of the infecting dose and the result is that the bacilli gain the 
upper hand and start the disease. 

'Thus, in the opinion of Aschoff, cases ol pulmonars tuberculosis in the 
adult life are always due to an exogenous re-infection b\ a massive dose ol 
M. tuberculosis hominis. 

t 

Effects of the Mycobacterium tuberculosis 
on the tissues 

Idle pathogenic effects are produced b\ endotoxins liberated on tin- death 
and disintegration ol the organisms. This toxin is a vers intense protoplasmic 
poison and, according to its intensity and concentration, mav cause either 
(i) death of the tissue cells with coagulatire necrosis or (ii) an irritation which 
stimulates cellular proliferation . 

In this way, the tuberculous lesions are di\ided into two groups, the one, 
in which the degeneration and cell necrosis ate more matked, is called ni.w c- 
necrotic, destructive or exudative type. This condition signifies that there 
is practically no immunitv. It is particularly seen in voung children and 
adults who had no primary infection in their childhood, e.g., the- hill tribes. 
These cases usually run an acute course. 

1 he other group in whic h cell proliferation is more marked is called the 
formative, proliferative or prinluctive type. 1 his condition signifies that 
there is a certain amount ol immunity Irom a previous primary 
infection. 


Usually, the above two eflects art- produced together, with preponderance 
of the one or the other, according to the amount and the intensity of the 
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individual 



Fig. 173. 

I'hittoimn i»tri uph of .t 1 uIhtcuImu^ lotion, »}io\\ing > uuayrulativu neurosis 
<uaM*ationi ami cellular proliferation. 

1 hr earliest visible manifestation of tlu* reaction of the tissues to the 
invasion ni the M. tuberculosis is the appearance of wliat is known as a 
tubercle ’ ’ a minute, translucent, greyish white nodule, about the size 
a millet .seed. These * *t libert ies'' are the pathognomonic lesions in 
tuberculosis. 

Evolution Of a “ tubercle —The tuberculous toxin first of all damages 
some of the tissue cells, causing their coagulation necrosis and fatty 
dt generation. As this degenerated mass contains a large amount of fatty 
substance and looks like cheese, it is called caseation. 

Along with this degenerative process, there is also irritation which 
results in the proliferation and accumulation ot other cells which arc derived 
partly from the connective tissues and partly lrom the blood, viz., the 
mononuclear, polymorphonuclear and the phagocytic wandering cells. Some 
of them die and add to the coagulative necrosis, but others make an eflort to 
isolate the area. The cells which cluster round the degenerated central mass 
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are usually attached to one another in a less orderly fashion to form a pale 
staining - area. Thev have elongated vesicular nuclei with little chromatin and 
faintly outlined cell bodies which are irregular in lorni and sometimes 
branched, to connect themselves with their neighbours. These cells are 
commonly designated as the “ epithelioid" or *' endothelioid" cells by 
different observers. Some of these mononuclear cells fuse together, as if to 
work more harmoniously and to offer a more powerful combined resistance, 
thus losing their individuality and forming large plasmodial masses contain¬ 
ing a large number of nuclei which are usually arranged around the periphery, 
forming the “ giant cells." At the margin of the 44 tubercle,” there is a 
large accumulation of wandering cells and mononuclear leucocytes of the 
lymphoid type . The whole structure is supported by a newly grown connec¬ 
tive tissue framework containing mam reticulum fibres. 






Fig. 174 . 

Photomicrograph of the* unit of lesion (tnhvrvle) in tuherruIosiM. 
showing a xnultinucloatcd plasmodial mass (giant, cell 1 in the centre 
surrounded by wandering mononuclear coll* tendothelioid or epithe¬ 
lioid cells; which in turn are surrounded by lymphocytes This i* 
what is known as the “giant cell system 

Such is the structure of a " primordial tubercle ” (Fig. The blood 

vessels at the point are obliterated due to thrombosis ul.irh also helps in the 
caseation. It would thus be seen that a “ primordial tubercle ” is an 
^vascular element, but as it is very minute, it may absorb enough nourishment 
from the surrounding areas to keep it alive. 
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Modes of spread and the distribution 
of the lesions 

X:i1 Ilf sil t uIxTruli> ms, to start wiib ; i . _ 

, an ,s always a local disease. The 

primary focus max 1 ,, in ,hc lungs « r in the intestines. In adults, tie 

chanuti nstn luhcn H l»us lesions arc found mostly in the lungs. 



Fig. 175. 

<; ro ^ •iiM-t imon of a lung. showing the various types of 
IrMO’i- that may h*> found in pulmonary tuberculosis. 

'Hu. is in example of exudative-productive type of lesion. 

The calcified nodule represents IS lion's body or the healed 
lesion of the "primary affect” of Aschoff. 

When virulent M. tuberculosis gains entrance into the body of a 
susceptible host, it initiates the tissue reactions characteristic of tuberculosis. 
As already stated, the subsequent spread of the lesion depends on the degree 
of immunity and the resistance to the tuberculous infection. Thus the lesion 
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In the T.UNGS, wherever may be the starting point of the tuberculous 
process, a well defined lesion is formed. Sooner or later this undergoes 
caseation which mav ultimately break down and open into an air tube through 
which the caseous mass is discharged with the sputum. Such a process 
leads to the formation of a cavity (vomica) which max progressively increase 
in size (Fig-. 175). 

In the case of the J\ I ES l lSKS, a locals is formed in the submiK'ous 
lvmph follicle which may subsequently caseate and burst, forming an ulcer. 
At first, the ulcers are circular or oval, but later, they become ring-like 
(Fig 176). They rarely perforate but may, however, do so into another loop 
of intestine. The condition usually passes to flu* serous coat where the 
characteristic tuberculous deposits may be noticed along the lymphatic 
vessels (Fig. 177). When they undergo healing, tlu\ form characteristic 
cicatricial contractions (Fig. 17s) which may produce intestinal obstruction. 



Fig. 176. 

Tuberculous ulcer of the 
.small intestine. 


Fig. 177. 

Peritoneal Mirfycc of the 
ulcer, sho\Muvr tuberculous 
lymphangitis. 


The subsequent spread of the lesion from the 
primary focus takes place generally in one or other 
of the following ways:—(i) hy the lymph stream, 
(ii) by the blood stream and (iiij by a process of 
continuity and contiguity. 



Fig. 178. 

Stenosis of the small 
intcMine, produced by 
beating of a tuberculous 
ulcer 


r. By Die lymph s/mim-This is very common in infants and children. 
The bacilli are transported, cither free or inside the phagocytic wandering 
cells, through the lymph channels to the regional lvmph nodes which become 
infected, enlarged and caseated. During such a transport, some of the bacilli 
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may penetiate the wall of tin* lymph vessels and cause characteristic lesions, 
e • g • 1 tuberculous 1\mphangitis, olten seen in tuberculous ulcers of the 
intestines. From these inierted nodes, other sets of lymph nodes are affected 
and this process continues, until tlu* bacilli find their entrance into the blood 
stream, via usually the thoracic duct. 'Then they are scattered all over the 
body through the blood stream, producing the condition known as miliary 
tuberculosis, 

2. By tin * blnnd stream- 'The bacilli ma\ gain entrance into the blood 
stream by the following wins: — 

(a) 'Through the thoracic duct, as mentioned above. 

(b) Bv rupture ot a caseous locus and the subsequent discharge of 
the tuberculous material into a blood vessel. 

When a large number of bacilli is disseminated, acute miliary 
tuberculosis develops without or with localisation in the lungs (Fig. 170), brain 
or abdomen. 11, however, the number of bacilli is small, more chronic iorms 



Fig. 179- 

Ac „te nu 11 a' dUseminuted throughout the 
The grey 18 h.wh,e 8 U0dule. e «.e the ^ 
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of tuberculosis are produced with localisation in the bones (Eig. 180), joints, 
kidneys (Eig*. 181), genital organs, ductless glands (adrenals), etc. 

3. By a process of continuity muJ continuity—-T his mode of spread 
takes place when the primary lesion softens and breaks down, so that the 
infected material may be discharged into the various parts of the particular 



Fig. 180. 

Tuberculoid lesion * of tin- 
vertebral column, showing 
the destruction of tlie inter* 
rtebral fibro*cartiUu?inoti> 
disc between the bodies of 
the sixth and seventh dorsal 
rtebrw. There is also 
cumulation of caseoi 
aterial fcold abscess) 1 
hind the anterior lonprit 
dinal ligament, projecting 
front and laterally to for 
a swelling. 



Fig. 181. 

Tubepulo-iw <»| the kidney 

organ in question. \s (or t sample, when a 
pulmonary fonts break's down into the 
1 espiratorv passagt , tlte min lid sputum ma\ 
l>e aspirated, giving iis t - to a tubenulous 
bionclx>-piH‘umonia. Due to constant coughing, 
as well as constant contact of the infected 
sputum with the mucous membrane of the 
nasopluir\n\ and the upper respirator tracts, 
ulcerations develop in tin- trachea, lar\n\ 
(big. pharynx, tonsils, nose and the skin 

<>1 tlte face (Eig*. 1S31. The inteeted sputum 
may also be swallowed by ignorant people, 
giving rise to ulceration o| the intestines, ana) 
fistuhe, lupus of the anus and buttocks. 


Serous (surfaces an- often involved Iron, an adjaeeni |,,ens. Tuber- 
cuous peritonitis may develop from an intestinal uleer, rupture of ;i 

(Z° U \»TT' C t 'r 1 '" n ° <k '’ ,,r ,rom a di —<1 I'allopian tube 

Laf take‘ nl ‘I ’"’ CXtcnsion inU> thc P*eura and pericardium 

may take place from a pulmonary focus. In the same way, in 
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tuberculosis of the kidney, the 
breaking down of the lesion will 
disseminate the bacilli into the 
lower urinary tracts and produce 
lesions in the urinary bladder, 
prostate and testis. This is known 
as the “descending infection.’* 




Fig. 182 . 

Tubcrculou> ulceration in the 
larynx and the trachea, secondary 
to pulmonary tuberculosis. 


Fig. 183. 

T.upus of the no^e and lips. 

(Ftnw ( ahm tti 's tuberculosis; by kind 
permission of II illiams and Wilkins 
Company ). 



Fig. 184. 

Miliary tuberculosis of the pelvic peritoneum in the female. The 
lesions have extended from the diseased Fallopian tubes. 
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Nature of the lesions in infants and 
young children 

In these subjects, the disease always tends to generalise and 
involve the lymphatic system. Due to generalisation, miliary tuber¬ 
culosis and tuberculous meningitis develop, usually terminating in 
death. Due to lymphatic involvement, there is an enlargement and caseation 
of the lymphatic glands. Such a change may take place in the following 
areas: — 

(i) Tracheo-bronchial group—This is always secondary to a focus in 
the lung, produced by inhalation of the bacilli. 

(ii) Cervical glands—The bacilli gain entrance through the bucco¬ 
pharyngeal mucous membrane. 

Note.—In the adults, particularly in our country, such a condition is 
mostly due to an extension of the lesions from the lungs and the mediastinum. 

(iii) Mesenteric glands—This is usually the result of ingestion of the 
bacilli which pass through the* intestinal mucous membrane. The glands may 
also show advanced caseation- with or without intestinal lesions. 

r 

As the age of the child advances, the tuberculous process may be 
arrested in the glands or it may manifest itself in the various chronic forms 
of tuberculosis with localisation in the bones, joints, skin, kidnevs or 
genital organs. 

The part played by human and bovine types of M. tuberculosis in the 
causation of human tuberculosis:— 

(1) Human tuberculosis may be caused In infection with either t\pe 
of bacilli. 

(2) Modern trend of opinion is that the hu nan type of M. tuberculosis 
is the more frequent cause of human tuberc ulosis and that it is particularly 
so with the adult. 

(3) The incidence of infection by the bovine strain, as a cause of human 
tuberculosis, is not very high in our country. It is an important source of 
human tuberculosis in Great Britain and particularly so in Scotland. 

(4) Bovine type of infection is highest in children under 5 years of age, 
after which there is a progressive decline. The portal of entry is invariably 
the alimentary tract and the source of infection is the infected cow’s milk. 
Of the various clinical forms of the disease, lupus and lymph-adenitis have 
yielded the highest proportion of bovine infections. 
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Mechanism of the production of symptoms 
of the disease 

\ lu-si* an- thrrr : — 

(1) General effects I 111- endotoxin and the products of metabolism of 
the M. tuberculosis produce lever, loss of weight, and anemia. 

(2) Local effects of the pathological lesions, by introducing abnormalities, 
intei ter e with the physiological activities oi the vital organs, This depends 
on the origan allec*tecl. In the rase ol the lungs, there are cough, expectora¬ 
tion, luemoptysis, dyspnera and pain in the chest (pleurisy). In the case of 
the intestines, there is diarrhcea with the passage ol blood and mucus in the 
stool, with pain in the abdomen* ascites, obstruction, tumour formation, etc. 
1 he involvement ol the mesenteric' Ivmph nodes and the lymphatics leads to 
indigestion, tatty diarrhcea, etc. 

(,;) Secondary effects of the- invasion by other micro-organisms—High*, 
hectic fever, with or without chill and rigor, foul breath, abscess and 
gangrene ol the lungs and pneumonia. 


Relation between immunity and 
tuberculosis 


In infant^ and c hildren, the full mec hanism for the protection of the body 
and lile is not mature and consequent 1 \ the resistance is feeble. Owing to 
this reason, e ve n small doses oi the infecting agent are capable of producing 
se rious lesions. On the contrary, if the infec ting dose is sub-minimal, and 
the c hild’s resistanc e- is lair, the bacilli produc e only a localised lesion which 
ultimately heals either partiallv or completely, and which may or may not 
leave indelible marks. Anv wav, the child develops, in this way, some 
immunity against tuberculous infection to which lu* may be subsequently 
subjected. 


It is lor this reason that m our usual modi' ol lile, although we are all 
frequently subjected to the risk of infection, the bacilli cannot get a firm 
loothold and start the disease as soon as thev get into our system. Because, 
they find the tissues and the blood immunised to a variable extent and 
hence, thev either die out or become innocuous. 11, by some means, this 
immunity is broken, the bodv is undefended against the bacilli which then 
cause the infection. Some common conditions which olten upset this 
immunity mechanism may be the following: — 

Local —Trauma and strain, which arc particularly responsible for bone 
tuberculosis. 


(iciicrul-(\) Conditions which lower 
constitutional diseases (Diabetes, chionic 
splenomegalic conditions, cirrhosis ol thi * 
alcoholism, (c) pregnancy and repeated chtl- 


\ itality, c.g., (a) certain 

•vs, kala-azar and chronic 
onic dysentery, etc.), (b) 
,nd (d) rickets in children. 
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(ii) Some infectious diseases which lower the general defensive 
mechanism of the body and give the bacilli a chance, e.g., measles and 
whooping cough in children, and influenza, typhoid fever and pneumonia 
in adults. 

(iii) Certain environmental conditions, e.g., living in crowded, ill-lit 
and ill-ventilated houses. 

(iv) Economic conditions, such as poverty and stress and strain of 
modern life. 

THERAPEUTIC CONSIDERATIONS 

Serum therapy: —Although antisera have been prepared by Marag- 
liano (iHStj) and Marmorek (iqo^), passive immunisation in tuberculosis, 
up to the present, lias not been attended with any success. 

Tuberculin therapy: —The* most suitable cases for tuberculin 
therapy are those with involvement of tlu glands, bones, skin and genito¬ 
urinary tracts. In cases of pulmonary tuberculosis, it is not so beneficial. 
The preparations used are old tuberculin and bacillary emulsion. 

Dosage and the method of dilution: With Koch’s new tubciculin (ICE.., 
the initial dose is i 100,000th of a milligram; the maximum being about 
1 /]0,000th or 1 20,000th of ^milligram. I he dose is repeated at an inter¬ 
val of 4 to 7 days and is increased judiciously . The dilutions o! tuberculin 
are carried out with o'5 per cent, carbol-saline or sterile distilled water. The 
treatment is, however, continued for a long period. 

How tuberculin acts: --Tuberculin treatment constitutes an example oj 
active immunisation in which the patient's resistance to the tuberculous in¬ 
fection is raised by gradually increasing the doses o! the toxin. The injected 
tuberculin, no doubt, leads to the development ot antibodies (opsonic immune 
bodies and others), but the real benefit that ensues from its use is the produc¬ 
tion ot the characteristic' loc al reaction (allergic- reaction! whic h helps in the 
encapsulation and healing of the diseased area. 

Points to remember in tuberculin treatment: It is verv difficult to assess 
the value of the* therapeutic results obtained b\ specific treatment with tuber¬ 
culin. It is the firm belie! ot many clinicians that beneficial results are 
derived from such a treatment, hut there is no doubt that overdosage mav 
lead to definitely harmful eflects. favourable results appear to depend on 
a low grade focal reaction and it is quite likely that this limit mav be exceed¬ 
ed to a harmful extent. I bus, this mode of treatment is not tree from 
danger. Hence, tuberculin can he compared to a double-edged sword. If 
used for therapeutic; purposes, the initial dose should he* verv small and 
should not excite any vigorous reac tion. Ihe subsequent injec tions should 
be made in judiciously increasing doses and at suitable intervals. After 
several repeated injections, marked immunity is developed. Anothe r point 
to be remembered in tuberculin treatment is that the infec ted portion of the 
body should be kept at rest as nearly as possible and in this wav auto- 
inoculation from the diseased area is prevented. * 
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Prophylactic vaccination against tuberculosis: _ 

I with B- C- G. si min— The word B. C. G. stands for Bacillc 

C ahnettc-Guerm. Calmette and his co-workers make use of a living strain 
ol ho\ine tubercle barillus that has become attenuated as a result of repeated 
subcultures for several years (23o subcultures extending over a period of 
<)n a medium ol potato, cooked in ox-bile with 5 per cent, 
glycerin. 1 he vaccination strain was originally a very virulent culture but 
lost its \irulcnre after repeated subc ultures on the special medium. Though 
avirulent, it retained, however, its antigenic' power in the sense that inocula¬ 
tion excited the formation of antibodies demonstrable by complement fixation 
test. It was first tried on young c alves which showed a remarkable develop¬ 
ment of immunity against a heavy infection bv a verv virulent strain. En¬ 
couraged by the excellent results on animals, the B. C. G. vaccination was 
started on human infants. C almette recommends ^ doses, each of 10 mgm. 
of the living avirulent bac illi, b\ the mouth, on alternate days, within the first 
10 da\s of li*c. It is given by the- mouth, because in the newborn, the alimen¬ 
tary mucosa is highly permeable. To be effective, it should be carried out 
within the first 10 days after birth, before the infant has had time to con¬ 
tract infec tion naturally, the.* objec t being to confer protection at the most 
susceptible period. It takes about a month for the immunity to be well 
dc\ eloped. 

Various objec tions have been laised as to the efficacy and safety of the 
procedure. They are as follows: — 

(i) The use- of a living attenuated culture involves the risk of the virulence 
being regained. 

(ii) It is very difficult to standardise the dosage of living vaccines, as 
alter the administration of the dose, the number of the organism may be 
increased inside the body. 

(iii) Introduction of B. U. G. vaccine does not invariably give rise to 
allergy. If the condition of allergy is necessary for the development of 
immunity, then prophylactic immunisation with B. C. G. vaccines cannot be 
always regarded as a reliable method. 

LABORATORY DIAGNOSIS OF TUBERCULOSIS 

The final diagnosis of tuberculosis depends on the actual demonstration 
of the characteristic organism in the exudates and tissues. There is no other 
surer method than the above, but under certain circumstances, the direct 
methods may fail, when some other accessory methods are employed. Thus 
tile methods of diagnosis fall under two heads—(i) direct and (ii) indirect. 

A. Direct methods , i.e., establishment of a bacteriological diagnosis. 
This consists in the demonstration of the M. tuberculosis in excretions, dis¬ 
charges or tissues by (i) microscopic examination (Ziehl-Neclsen’s stain), (ii) 
cultural examination and (iii) animal inoculation tests. 
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B. Indirect methods: —These arc reactive phenomena produced as a 
result of the tuberculous infection. They are the following: — 

(i) The presence of immune bodies in the blood (serological tests), which 
is determined by (a) complement fixation test and (b) determination of the 
tuberculo-opsonic index. 

(ii) Phenomenon ot hypersensitiveness or allergic manifestations (Tuber¬ 
culin reactions). 

(iii) Non-specific phenomena. 

(a) Cyto-dia^nosis of the exudate (preponderance of mononuclear 

* cells). 

(b) Tissue reaction, as found after histological examination of the 

diseased tissues. 

A. Direct methods 

1. Microscopic examination: This is the simplest and the quickest 
method of establishing a diagnosis. A dried and fixed film of tin specimen is 
stained by Ziehl-Neelsen’s method and examined under the microscope {vide 
p. 2i)2). Failure to detect the^acilli b\ this method is quite possible and this 
is particularly so when the organisms are vcr\ few in the specimen. In such 
cases, concentration methods, stall as antiformin, li^roin or Pet roll's method, 
may be adopted (vide infra). 

2. Cultivation: I his method is rareh resorted to for a tontine 
diagnosis, as the growth of the organism takes a lono time to de\elop. 
Isolation of the bacilli in pun* cultures ma\ he obtained, either directly on 
artificial media, or by injection into a susceptible animal, e.14., a <4uinca-pijL;, 
and then culturing from the lesions developed in the test animal. In the latter 
method, the* material is usuallx taken from the Emphatic ^land or the* spleen 
of the animal and subsequently implanted on to a culture medium. This is bv 
far the best and the* surest me thod of obtaining pure* cultures, hut it alwaws 
takes time*. 

Practical technique: - 

(i) It there is un secmulary < oiitaminatinn, anv tuberculous material, 
surli as a caseous mass, pus, pleural fluid or ascitic fluid, ma\ l,e cultured 
directly on solid media, containing glycerol or allmminous substances. If the 
fluid is thin and the organisms scanty, it is better to take the ccnti ilugaliscd 
deposit lor inoculation. 

»* 

In the case of tissues, the latter should be ground up in a sterile pestle 
and mortar, using sterile sand or broken glass. I bis should be well mixed 
with sterile normal saline which is decanted olT and ccnlrilugalised. The 
deposit may now be used for inoculation. 
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(ii) If there is conlinniualion with secondary micro-organisms, inocula¬ 
tion iiiii) be made alter the material is treated by one of the concentration 
methods (7 'iiie infra). 

3. Animal inoculation test (Pathogenicity test) A sample in which 
microscopic examination has tailed to reveal the presence of the causative 
organism, may he shown to be tuberculous in nature by this method. This 
test can also he utilised to prove the virulence of an organism suspected of 
being the M. tuberculosis. 

hor the purpose ot carrying out this test, the animal of choice is the 
guinea-pig. Injection is generally given subcutaneously in the region of the 
thigh of a guinea-pig's hind limb, or the lower quadrant of the abdomen. 
Before inoculation, it is better to examine a smear stained by Gram’s 
method and determine the amount of secondary infection. Specimens con¬ 
taining few or no secondary organisms may be inoculated without any pre¬ 
liminary treatment. If the material is heavily contaminated with secondary 
organisms, a preliminary treatment by antiformin or Petroll’s method is 
advisable, otherwise the animal will develop an acute septicaemia (Streptococ¬ 
cal) before the evidence of tuberculous infection develops. 

If the material contains M. tuberculosis, the guinea-pig generally dies 
within f> weeks to 3 months, when it is a bovine strain, and within 3 to 9 
months, if it is a human strain. Positive results of the disease may be 
suspected usually within (> to 8 weeks, when the animal shows signs of the 
disease, c.g., gradual loss of weight from week to week. The animal may 
be killed at this time and a necropsy examination performed. 

The post-mortem examination reveals the following: — 

(i) A local caseous lesion at the site of the inoculation. 

(ii) Enlargement and caseation of the proximal lymph glands (Inguinal). 

(iii) A generalised tuberculosis, due to a rapid dissemination of the bacilli 
to other organs by the blood-stream. Tuberculous nodules of a 
yellowish grey colour arc found in the spleen, liver and lungs 
(Fig. 185); the spleen being specially affected. The lesions »n 
the inoculated animal are finally examined for the presence of 
acid-fast bacilli and for the characteristic histological picture. 

Note: —Injections may also be given intra-peritoneally, provided there 
are not many secondary contaminating organisms, as the latter may kill the 
animal bv producing peritonitis or general septicaemia. 

CONCENTRATION METHODS 

1. Antiformin method —Antiformin is a mixture of equal parts of liquor 
sodii chlorinate and a 15 per cent, solution of caustic soda. The former 
kills all other bacteria except M. tuberculosis which is resistant to its action 
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Fig. 185. 

Post mortem appearance of a guinea-pi# inoculated with a phthisi¬ 
cal sputum, showing generalised tuberculous lesions. Caseous tuber¬ 
cles are seen in the lungs, the pericardium, the s.deen, the liver 
and the lumbar lymph nodes. 

and the latter helps to liquefy the mucus and assists the germicidal action of 
the former. Uhlenhuth (1909) first introduced the antiformin method. The 
technique has, however, been modified by A. S. (iriilith (1916) who recom¬ 
mends a much simpler procedure. Equal parts (0*5 to 1 c.c.) of sputum and 
antiformin (10 to 30 p.c.) are mixed together and allowed to act lor 10 
minutes. With thin sputum, a 10 per cent, strength of antiformin should 
be used, but the percentages will vary according to the consistency of the 
sputum. It should be further noted that antiformin is a substance which 
must be used with caution, as a longer exposure will render the mixture 
sterile. In this method, the culture is to be made while the mixture is still 
mucinous and there is no necessity of centrifuging or neutralising. 
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The material may also be inoculated into the guinea-pig for pathogeni¬ 
city test. For microscopic examination, it may be centrifuged and the 
smear made from the sediment. 

In the case of the urine and fluid exudates, such as pleural, ascitic and 
spinal fluids, they are first centrifuged and the sediment thus obtained is 
mixed with a little distilled water and treated with antiformin. As these 
contain very little albuminous matter, it is advisable to add a little egg 
albumin or sterile serum, before adding antiformin or alkali. This also facili¬ 
tates making of smears, otherwise they may not adhere to the glass slide. 

With fieccs, however, a heavy emulsion is made and then treated with 
antiformin in exactly the same way as described above. 

2. Pet raff's method (Technique):—Equal parts of sputum and a 3 per 
cent, caustic soda solution are well shaken and the mixture is incubated at 
37°C. for half an hour. At the end of this time, the fluid is made neutral to 
litmus with dilute hydrochloric acid and then centrifuged. The deposit thus 
obtained is then planted on to the medium necessary for primary culture 
(vide supra). A pure culture of M. tuberculosis is thus obtained. Three 
per cent, caustic soda is strong enough to kill secondary organisms hut has 
little or no effect on the M. tuberculosis. The deposit may also be examined 
microscopically after staining by Ziehl-Neelsen’s method or injected into 
guinea-pigs to test for pathogenicity. 

Ligroin, a petrol ether mixture, is also used by Lange and Nitsche 
(190c)) for concentration purpose. In this method, the waxy tubercle bacilli 
adhere to the hydrocarbon and are carried up. 

B. Indirect methods 

1. Presence of immune bodies in the blood (Serological tests) 

(a) Complement fixation test —This is usually carried on with M. tuber¬ 
culosis or its product as antigen. Although this test indicates the presence 
of some antibody in the serum in a large number of cases, it is not infallible 
and may tail in some cases. It is owing to its uncertainty that the test has 
not gained popularity as a practical method of diagnosis. 

(b) Tuherculo-opsonic index —The determination of the opsonic index 
is often considered as helpful in diagnosis. It has been found that this index 
falls down to a low figure in cases of tuberculosis. The value of the test as 
a diagnostic' aid is not very great and hence its use is limited in practice. 

2. Phenomenon of hypersensitiveness or Allergic manifestations (Tuber¬ 

culin reaction) :—These reactions, as already described, denote a specific 
hypersensitiveness of the tissues to th.wrculous toxin and are manifesta¬ 
tions of allergy. The value of these ms in the actual diagnosis of the 

disease is very great, specially in the • - - «>f young children of 2 to 3 years 

of age. With advancing age, hov ’he value of a positive reaction 

diminishes, as it may not indicate act’.. - ase. 
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In earlv cases of renal tuberculosis, the bacilli are few and sometimes 
difficult to detect, the only finding being an acid urine with an occasional pus 
cell. To settle a bacteriological diagnosis, it is always advisable to use the 
animal inoculation test in such cases. 

Detection of the M. tuberculosis in Iseces, by microscopic methods, is 
often very difficult, but it has been greatly facilitated by the use of the anti- 
formin and ligroin methods. Finding of the bacilli in fieces does not 
necessarily justify a diagnosis of tuberculous enteritis. The organism may 
be derived from the swallowed sputum and in children an examination of the 
faeces may sometimes be the only method of demonstrating a probable pul¬ 
monary lesion, since it is often difficult to obtain the expectoration in the* cast* 
of a child. 

Particular care must be taken in the microscopic examination ol urine 
and faeces, owing to the possibility of the M. smegmatis being present. This 
bacillus is a harmless saprophyte which may be present in the external geni¬ 
talia of both sexes. As already mentioned (p. j 3), the M. smegmatis is acid- 
fast but not alcohol-fast. Hence, the acid-alcohol decolourising technique 
should be employed to overcome thi> contusion. To avoid such a contamin¬ 
ation, it is always advisable to collet a catheter sample of urine. 

Tissues, such as tuberculous glands, arc sometimes sent for laboratory 
examination. A part of the tissue may be broken up by macerating it with 
sterile quartz or sand and emulsified with sterile saline. The supernatant 
fluid is pipetted off and treated with antiformin if necessary, and the subse¬ 
quent examinations are carried on in the usual way (vide supra). The other 
part should be fixed and subjected to a histological examination. 

TYPES OF MYCOBACTERIUM TUBERCULOSIS 

As already mentioned, there are four main types of M. tuberculosis - 
human, bovine, avian (fowls) and piscine (fish). 

M. tuberculosis bovis: — M orpludugical differences , however, are 
neither very marked nor very constant ; although it has been remarked! bv 
some observers that the bovine bacilli are* rather thick and short, their length 
rarely exceeding 1 micron, while the human bacilli are longer (about 3 mic¬ 
rons), slender, often curved and more fragmented, after staining bv the 
Ziehl-Ne elsen method. finis, it is not often possible to differentiate* the* 
bovine from the human types by morphology and staining reactions. The 
important differences lie in their cultural characters and pathogenic pro¬ 
perties. 

Cultural difference— ' 1 'he bovine type grows less luxuriantly than the 
human type and the presence ol glycerin does not promote its growth. 
Thus, for the differentiation between the two types, culture may be made 
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on Dorset’s egg medium and glycerin egg medium. If the organism is 
M. tuberculosis bovis, the growth will be detected in the former medium 
but not in the latter one. 

I’irulence lest —Mycobacterium tuberculosis bovis is very virulent for 
cattle and other domesticated animals. Of the laboratory animals, rabbit 
is the most important differentiating animal. An intravenous injection of 
u'oi mgm. of a culture of M. tuberculosis bovis produces an acute general 
tuberculosis and death of the animal in 3 to 6 weeks. With M. tuberculosis 
hominis, however, the rabbit survixes lor three months or even more and on 
autopsy, the lesions are found to be slight and mostly confined to the 
lungs or kidnexs or both. The other animals which may be used for differen¬ 
tiating purposes are calves in which the bovine type produces a generalised 
tuberculosis. 

Table showing the dillcrenccs betxxeen Mycobacterium tuberculosis 
hominis and Mycohactcrium tuherculosis bovis. 


M. tuberculosis 
hominis. 


M. tuberculosis bovis. 


Cultural difference :— 

Facility to cultivate Eugonie, i.e., easily Dysgonic, i.e., cultivated 

cultivated. with difficulty* 

Presence of glycen 

in the medium Assists growth. Does not assist but inhi¬ 

bits the groxvth in earlier 
generation, but may assist 
later. 

Nature of growth Abundant, dry, ver- Fine, white, poxvdery 

rucose groxvth ; often groxvth. 

yellowish. 

Viability in culture Short. 


Virulent for all species of 
mammals, including man. 
Highly susceptible animals 
are rabbits, guinea-pigs 
and calves. 


Types of lesion in 
human beings :— 

P it 1 m on a r y tube rc 11 - 
losis 


Virulent for man and 
monkeys. (iuinea- 
pig is highly suscep¬ 
tible but less so than 
with the bovine. 


c)() per cent 


1 per cent. 
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Mycobacterium avium: —-This is the causative organism of fowl 
tuberculosis, 'flic morphological characters and the staining reactions cor- 
respond to those of the mammalian tubercle bacilli. The differences are, how¬ 
ever, observed in cultural characters and animal inoculation experiments. 

Its optimum temperature for growth is 4o°t\ at which the mammalian 
tubercle bacilli fail to ^row. The bacillus can easily be cultivated and the 
cultures are more luxuriant, moistcr and readily form a homogeneous sus¬ 
pension. 

Fowl is highly susceptible to the M. tuberculosis of avian origin, but is 
resistant to the human or bovine types. Of the mammalian species, rabbits 
and mice are susceptible to the avian bacilli. Human infections with the 
Mvcobacterium avium arc rather rare*. 

Mycobacterium piscium: - In morphological characters and sta 
reactions, it resembles other varieties of tubercle bacilli, (irowth does 
not take place at the body temperature. It is probably a saproplntc, being 
occasionally associated with the disease in fish. 

Mycobacterium paratuberculosis (Johne’s bacillus) 

This is the causative organism of chronic enteritis in sheep and cattle, 
producing nodular lesions in the small intestine. In morphology and staining 
characters, it resembles M. tuberculosis ver\ closely. For cultivation, it re¬ 
quires the presence of other acid-fast organisms, preferably Timotln grass 
bacilli, which are added in the proportion of \ to ] per cent, dried extract 
to the egg medium. Like tuberculin, extracts of Johne’s bacillus arc pre¬ 
pared from cultures which are ('ailed Jolniin and are found to be very valuable 
as specific diagnostic agents. 

Organisms producing tubercle-like lesions in animals 

1. Corynebacterium ovis (B. pscudotuberculosis ovis; Prcis/-\ocard 
bacillus) —A natural pathogen of sheep, causing enlargement and caseation 
of Ivmph nodes and also caseous nodules in the internal organs. I lu* 
organism is closely allied to C. diphtheria 1 and resembles all its characters. 
In the experimental pathogenesis, however, it does neither produce any 
luemorrhagc in the adrenals nor any effusion in the pleural cav ities. 

2. Corynebacterium murium (B. pscudotuberculosis muriumf —A 
natural pathogen of mice. It is also closely allied to C. diphtheria*. So lar 
as is known, it appears to be pathogenic only for mice and not for any 
other species. 

Note:—The above two organisms combine the propt rty of producing 
an infective granuloma, as well as a bacterial toxiemia. 

3. Pasteurella pseudotuberculosi 3 (B. pseudotuberculosis rodentium)-— 
A natural pathogen for rodents, specially guinea-pigs. For the identification 
and differentiation of the organism, see under Pasteurella. 
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MYCOBACTERIUM LEPRJE 

(Bacillus leprce) 

The organism of human leprosy. 

M. lepnc was first discovered in 1^7^ by a Norwegian bacteriologist, 
named (i. 1 . Hansen, To commemorate liis memory, we sometimes call the 
organism, Hansen’s bacillus. 

HABITAT: —It is not normally found in the human bode; but in persons 
suffering' from leprosy, the organisms are found in very large numbers in 
the nasal se< ret ions, discharges from breaking down nodules and abundantly 
in the affected tissues. 

MORPHOLOGY:— It is a slender, rod-shaped bacillus, of about 4 
in length, resembling somewhat thi* Mycobacterium tuberculosis. The 
organisms are usually found together in large numbers, arranged like a 
bundle of cigars, inside the lepra cells (vide infra). Th»* bacilli are bound 
together bv a mucoid material called yhra. 

The organism is noil-motile . n<>n-jlngellated, non-sporing and non- 
<•</ psnlaled. Hut, like the M\eobacterium tuberculosis, these bacilli are 
enveloped by a lipoid sheath around their bodies. 

STAINING REACTIONS:— 

1. Stained by the (Irani*s method, the\ are alwa\s Gram-positive. 

2. Stained by the Ziehl-Xeelsen’s method, the bacilli are always acid- 
last and take a solid and uniform staining. They are, however, unlike the 
Mycobacterium tuberculosis, less alcohol-fast, and sufficient exposure to 
alcohol will decolourise them completely. This fact should always be re¬ 
membered, specially when demonstrating the 1 organisms in sections of tissue. 
On such occasions, as little alcohol as possible should be used to dehydrate 
tlu* section, as otherwise many of the stained bacilli will lose their colour. 

CULTIVATION: f rom the* time oi Hansen up till the present day, no 
reliable method has been available* bv means of which these Mycobacteria 
can ViV cultivated in artificial media. Many attempts have been made from 
time to time, but none of them has met with any success. 

VIABILITY: _In the absence of our knowledge regarding its growth in 

artificial media, it is not posable to study the vitality and resistance of the 
Mvcobaeterium lepra*. From what could be known from indirect evidence, 
the bacilli may remain alive outside the human body for a considerable 
period, and may be capable of communicating the disease. T his fact should 
be* borne in mind when dealing with lep< 1 “ the articles used and infected 
by them. There have been definite and f, c instances where the disease 

,,:s been contracted bv initimatc associ - *th lepers, as well as by using 

matefuds contaminated by them, quite afterwards. 
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TOXIN PRODUCTION: —No toxic product has \ct been isolated from 
Mycobacterium lepra*. A patient may have an extensive and progressive 
cutaneous lesion, containing innumerable numbers of the organism, yet he 
does not show any toxiemic manifestation. In “ lepra reaction,” however, 
toxic manifestations are seen, but it is doubtful whether they are due to any 
true bacterial toxin. 

SEROLOGICAL REACTION:— Ihe serum changes in leprosy have been 
studied to a verv limited extent. A complement fixation test and an increased 
sedimentation rate of erythrocytes have been described, but they are of very 
little use in the practical diagnosis of leprosy. 

ANIMAL INOCULATION:—I p till now, no susceptible laboratory 
animal has been discovered for this kind of Mycobacterium. In this connec¬ 
tion, it should be remembered that some animals, such as rats, naturally 
suffer from a disease w hich is called rat leprosy and which is due to an acid- 
fast organism, known as M. lepra* murium. I’nless this is kept in mind, 
a false notion may be obtained when studying the inoculation tests for lepra 
bacillus on rats. 

Distinction from the Mycobacterium tuberculosis 

As the two varieties of the Mycobacterium are verx nun h alike in moi- 
phologv and staining reactions, it is well to remember some ol the 
distinguishing features between them. These max be studied from the 
following table: — 

M. leprae. M. tuberculosis. 

Morphology Appear together in large Appear singlx or to- 

numbers. Arranged in gether in verx mucl 

clusters and bundles, smaller numbers, 

like a packet of cigars. 

Staining Take a solid stain. lake a beaded and 

granular stain. 

Readil decolourised b\ Not decolourised by 

treating with alcohol. treating with alcohol. 

Cultivation ... Can not be cultivated Om be cultivated in 

in vitro. vitr<>. 

Animal inoculation No susceptible laboratory Guinea-pigs and rabbits 

animal, hence un- arc very susceptible 

successful. animals and hence, 

inoculation is always 
successful. 
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PATHOGENICITY 

In human beings, M. lepne produces the disease leprosy (lepros —scaly, 
lepcin —to peel off). 

Method of transmission;— This is not definitely known, hut it has 
been suggested by many authorities that the disease is spread by contagion. 
Leprosy, like tuberculosis, is not a hereditary disease, as the children born 
of leprous parents, when separated, do not contract the disease. 

Sources of infection; —I h<* infecting organisms are usually dis¬ 
charged from ulcerating nodules and abrasions on the skin. They are also 
found in the nasal discharge, as well as in the droplets of saliva, which are 
(spelled from the mouth of the patients during shouting, coughing and 
singing. All the above excreta may also infect food, wearing apparels, and 
similar household furniture. Naturally, any intimate contact with such 
patients is liable to carry the infection and spread the disease fiom person 
to person. 

Portals of entry; —Although the actual mode of infection has not 
been definitely known, it has been suggested that the possible routes of 
entrance of the infecting agent are the nasal and the naso-pharyngeal mucous 
membranes and the skin surface. After entering the body, these Myco¬ 
bacteria may remain dormant for a considerable period, even extending over 
years. Subsequently, when an opportunity occurs, due to some factors which 
probably tend to lower the body resistance of the person so infected, the 
bacilli grow rapidly and produce their pathogenic effects. The various factors 
which lead to the development of the disease are the following: — 

(i) Intimate and prolonged contact. 

(ii) Association with an infective case. 

(iii) General resistance of the person exposed to infection. The last 
named factor is very important, as the organisms of leprosy will not usually 
grow in a healthy body. Anything w hich low ei s the general resistance of 
the person will prepare the soil for their growth and act as a predisposing 
cause* of the disease. These predisposing causes are more or less the same 
as mentioned under tuberculosis (pp. 313-314). 

Pathogenic lesions; —The following are the common lesions produced 
by the bacilli in human beings only: — 

1. Inflammation and ulceration of the nose and the nasal septum — 
A sub-acute inflammation with a copious mucoid or mucopurulent discharge, 
asionally tinged with blood, may be produced. Smear from such a nasal 
rge shows a large number of the organisms, even in a very early 
stage before other lesions have become manifest. It is for this reason that 
some* authorities consider this to be the initial lesion of the disease. Its 
import ante* is very great as it serves a fruitful source for the spread of the 
disease. An enormous number of lepra bacilli is continually discharged by 
the patient and is scattered all over and as such a person is quite unsuspected, 
owing to the absence of other external manifestations of the disease, he 
becomes a serious menace to the society h\ acting as a carrier. 

Note:—Unlike syphilis, bones of . »sal septum are never involved. 
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2. In the skin , the Mycobacterium leprie usually produces two distinct 
typesJ^lesions; the one is characterised by nodular, granulomatous growths 
in thUpn and subcutaneous tissues, affecting particularly the area of the 
face, nose and ears; the other consists of patches of macular, discoloured 
eruptions, which show marked trophic changes, such as anaesthesia, loss of 
hair follicles and sweat glands. According to the predominance of the one 
or the other type of changes, these cases are clinically called the nodular 
or the anaesthetic type of leprosy. 

In nodular leprosy, large numbers of subcutaneous nodules develop, 
principally in the face, forehead, ears and sometimes throughout the body, 
involving particularly the extensor surfaces (Fig. 186). They vary in si/e 
and frequently ulcerate and slowly cicatrise with the formation of marked 
scarring and depressions. In soi^ cases, the deformity thus produced 
resembles verv much the face of a lion and hence, it is culled a Icotiinc face 
(Fig. 187). In this connection, it should be noted that these nodular cases 



Fig. 186. 

A case of nodular leprosy. 



Fig. 187. 

An advanced ca-«* of leprosy, showing the 
typical “ leonine fanes.“ Note the general 
thickening of the ear and face. 

< By kind permission of J>r. K. Muir.) 


are very infective, as the bacteriological examination of such lesions always 
reveals the presence of large numbers of bacilli. When ulceration occurs, 
the organisms are disseminated with the discharge which thus becomes a 
source tor the spread ol the disease. It is for this reason that these cases 
should always be segregated, if possible into a leper asylum. 
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Morbid anatomy :—To the naked eye, the leprotic nodules, like any 
other inflammatory swelling, present, on section, a greyish, semi-transparent, 
uniform appearance. The loose, subcutaneous areolar tissues arg^ii^ected 
and the yellow fatty appearance of the adipose layer is completely replaced 
bv an avascular, whitish mass. On palpation, the nodules appear fairly 
firm and inelastic, and are found to end imperceptibly in the surrounding 
structures of the skin. 

Microscopically , a section of such a nodule presents the picture of a 
specific infective granuloma. All the normal architecture of the skin and 
subcutaneous tissues is completely replaced by a chronic inflammatory 
exudate consisting of all the cellular elements met with in a slowly cicatrising 
granulation tissue. There is a large number of fibroblasts and mononuclear 
cells. The latter are often vacuolated and epithelioid in type, containing 
the bacilli in their protoplasm. Besides, there may be seen many large 
vacuolated mono and multi, nucleated giant cells packed with the bacilli; 
these being usually known as the “lepra cells” (Fig. 188). Necrosis and 
marked caseation, as found in tuberculosis and syphilis, are wanting, as the 
nodules are comparatively better vasculariscd than the latter conditions. 



Fig. 188. 

Ciimora lucida drawing of a microscction from a lepra nodule, 
.showing the characteristic lepra cells. Stained by Ziehl-Neelsen’s 


A very characteristic feature of thc^i* nodules is that they are not 

painful and tender (presence of deep . “sia) and the person does not 

complain of discomfort even at the thru rising such a nodule, 
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Lepra ansesthetica :—This is characterised by the appearance of 

depigmented patches in which one may tind superficial an*esthcsia 

(Fig. 189). The latter constitutes one of the very early signs. 

There may be patches of hypenesthesia or anhydrosis (loss of 
sweat secretion), which are said to precede the lormation of an 
anaesthetic patch. Such lesions are due to the involvement ol the 



Fig. 189. 

A case of lepra aiurslhelira, an early Icmoii C\ , ea-e . 'flowing tin* 
depigmented anaesthetic patch. Bacteriological examination was negative. 

sensory nerve terminals in the skin and also of the non-medullatcd 
sympathetic nerve fibres. These patches, when examined bactei »ologically, 
often yield a negative result and therefore are not infective. Hence, 
segregation is not essential in these cases. The disease tends to spread up 
the sensory nerve branches of the skin, involving the nerve trunks. 
The bacilli grow in the peri and endo, neurium where masses of granulation 
tissue, l ; ke those in the nodular types, are formed, producing fusiform 
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swelling in the course of the nerve trunks. The result is a neuritis, followed 
by hypenemic patches and sensory, motor (muscular atrophy) and other 
trophic disturbances. Any of the superficial peripheral nerves may be 
involved, but the commonest ones, in the order of their importance, are the 
ulnar, the peroneal and the great auricular. The affected nerves are marked¬ 
ly thickened and, when they run superficially for some distance, they can be 
palpated as thickened cords. Finding of an anesthetic patch with thicken¬ 
ing of the corresponding nerve, is a strong presumptive evidence in favour 
of leprosy. It should be noted in this connection that these types of lesions 
are found in persons with a high resistance. 

Atrophy of bones, specially of the small bones of the hands and feet, and 
ulcerations, including perforating ulcers in the soles of the feet, are examples 
of trophic disturbances, due to degenerative changes in the nerves. The 
organisms cannot, however, be demonstrated in such ulcers. 

In both the varieties, the neighbouring lymph nodes alwavs show some 
amount of enlargement, due to a mild chronic inflammatory reaction set up 
b\ the baeilli which reach them via the lymphatics. Mucous membranes are 
liable to be involved in this disease, producing infiammatorv nodules, like 
those in the skin, although much smaller in si/e. The commonest examples 
ot such lesions are found in the nasal, buccal and the conjunctival mucosae. 
In the latter situation, there are produced iritis and phlyctenular 
conjunctivitis. 

Course: —Leprosy is a self-healing disease and is not fatal by itself. 
It runs a very chronic course, being protracted for a number of years. The 
two t\pes that have already been mentioned, depend on the amount of 
general resistance of the patient and at any time one may pass on to the 
other. To start with, most of the lesions are of the anaesthetic variety in 
which the bacilli are few in number. With the lowering of the general 
resistance, the bacilli increase in number and the nodular type of lesions is 
formed. These may progress on to ulceration and with the gradual develop¬ 
ment of immunity, may cicatrise or pass on to the secondary nerve cases 
(trophic changes). 

It should be noted that the lepra cells act as hosts of the organisms 
which appear to live and multiply inside the cells. The presence of a lipoid 
envelope and a mucoid material (gloea) surrounding the bacilli protects them 
to a certain extent from the destructive action of the phagocytes. It is the 
disintegration of these baeteria-laden lepra cells and the liquefaction of the 
mucoid material that help the widespread dissemination ot the organisms. 
During this period, the temperature rises and fresh lesions develop; this is 
what is known as the reactionary phase of leprosy . Any factor which 
lowers the general resistance w T ill bring about such a reaction. Drugs, such 
as hydnocarpates and potassium iodide, which have the property of breaking 
down these lepra nodules, will also produce the same reaction. 

From the descriptions given above, it will be seen that lepra bacilli always 
tend to get into the circulation and to produce lesions in the internal organs, 
such as the liver, spleen, lungs and testes the last named organ being the 
commonest. The size and character of :! Lsions, however, never become 
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so marked as in the case of syphilis and tuberculosis. Foci of infiltration 
with mononuclear cells and fibroblasts arc* produced and the bacilli are found 
inside the large, vacuolated “ lepra cells." In a very heavy infection, the 
bacilli may circulate in the peripheral blood in which they may be 
demonstrated, specially during a febrile paroxysm. 

Though the peripheral nerves arc* affected, the central nervous system 
is never involved in this disease. 

Classification of the lesions in leprosy (from Muir's leprosy):-- 
The lesions in leprosy can be* conveniently divided into 2 main groups as 
follows:—(i) Those in which the* bacteriological examination of the* skin, 
mucous membrane or the lymph nodes does not show the presence ol the 
acid-fast bacilli. These arc* referred to as the* A cases (nerve* or neural 
leprosy) and are diagnosed clinically the* ne rve signs, specially superficial 
anaesthesia} and thickened nerves. As already mentioned, the fewer the 
bacilli in the bodv, the more is the* disease confined to the peripheral times, 
signifying a greater natural resistance* of the patient. ’1'he A type ol rases 
may further be divided into Ai and A2, according as the case is a primary 
or secondary nerve one (the former showing patches and the latter trophic 
lesions). 

(2) Those in which the bacteriological examination lor acid-fast 
bacilli is positive are referred to as B cases, (skin or cutaneous leprosy ). 
This may again be divided into Hi, Bj and B^, depending upon the 
increasing number of bacilli found. 

A 'ate: —Leprosv is a general disease and m no type ate the lesions 
confined to a single tissue. The classification is, howe\cr, based on the 
predominant clinical findings. 

THERAPEUTIC CONSIDERATIONS 

Vaccine therapv has been recommended for the treatment of leprosy. 
For this purpose, suspensions of ground-up leprous nodules or ol supposed 
cultures of leprosv organisms, such as Deyke's nastin and Rost’s lepmltn, 
are injected subcutaneously. It has been remarked by Muir that mm h 
benefit up to a certain point is often deri\ed from tin sc injections. The um 
of autolysed tubercle bacilli, as recommended by Row, ha- also been reported 
to give good results. 

The most effective way of appb ing \accinc therapy is the administration 
of lepromalytes (hydnocarpates and potassium iodide), which causes the 
breaking down of lepra nodules and, in this way, acts as an internal 
autovaccination. 

Various kinds of non-specific protein therapy have also been tried, the 
idea being to promote a general leucocy tosis. Application of counter- 
irritants, such as painting of a solution of trichloracetic acid over tic* leprous 
lesion, produces a beneficial effect. 

DIAGNOSIS 

I here arc two cardinal points in the diagnosis of leprosv . The one is 
the presence of superficial anaesthesia in neural cases and the other is the 
finding of Mycobacterium lepra.' in cutaneous cases. 
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Bacteriological examination:— This consists in the demonstration 
>f the characteristir organism under the microscope bv the direct examina¬ 
tion of a smear stained by the Zichl-Xeelscn \s method. The bacilli will be 
ound stained red, in clumps and singly. As already mentioned, cultural 
.'xamination and animal inoculation methods arc of no use, except in the 
differentiation from M. tuberculosis. Thus, leprosy is one of the few 
diseases whose bacteriological diagnosis ran be settled bv morphological and 
staining characters alone. 

Collection of materials:— 

SKJX: —As the bacilli do not usually infect the epithelial cells, a super¬ 
ficial scarification is not enough and is, as a rule, useless. The material is, 
however, obtained bv two principal methods. * 

(a) Scraping method:-- 1 he skin is cut verticalK with a knife, about 
J millimeters deep, well into the dermis and the raw surfaces of the sides 
iiaisrd are scraped with tin- eclg* ot a scalpel and smeared on a slide. 
Whin the bacilli are few in number, tlu\ cannot be found bv this method. 

(b) Snip method: A small piece ot the skin, at least i to 2 millimeters 
in thickness, is clipped off with a sharp pair ot curved scissors. In a posi¬ 
tive case, there is deep analgesia and little or no pain is caused. The cut 
surface has a white appearance and there iv little or no bleeding. The cut 
surface of the excised piece is well rubbed on a clean slide or pressed on the 
slide so as to express ;is much a^ possible of the* cellular elements. The 
bacilli will often be demonstrated bv thU method when they cannot be 
detected bv the former method. It there is Mill any suspicion, the section 
should be subjected to a histological examination for the characteristic cell 
infiltration. 

The best material lor the above 
purpose is a subcutaneous nodule, but in its 
absenct , the most convenient site to look ior the 
bacilli is the -dgc of the lobule of the car (Fig. 
tool. It is useless to take a clip from the super¬ 
ficial! v amesthetic skin, as lepra bacilli are seldom 
found there. 

\\\ SAL Ml ('OSA: —The next place from 
which material may be collected is the mucous 
membrane of the nasal septum. The anterior 
part of the septum is scraped with the point of a 
sharp knife, until a little blood begins to appear. 
The material on the edge of the knife is smeared 
on a slide and examined after fixing and staining. 
In eases of u' • ove condition, a swab may be 



Fig. 190. 

Leprous ear , the best plaee 
lor taking a piece of skin 
for bacteriological examina¬ 
tion. (By kind permission 
of Dr. E. Muir). 


334 


MYCOBACTERIUM LEPRAE 


taken from such a surface and the material stained in the usual way for the 
demonstration of the bacilli. 

When there is an enlargement of the LYMPH NODES, a suitable one 
may be punctured and the juice obtained by applying suction, after injecting 
half per cent, cocaine and comminuting the contents of the node with the 
point of the needle. This is then examined in the usual way. Or the 
examination may be carried out by excising and sectioning the node. 

In the matter of diagnosis, it should be borne in mind that the material 
discharged from the trophic lesions in the hands and feet and from the 
perforating ulcers in the sole of the foot is not suitable for diagnosis, as 
lepra organisms are not usually Resent in such areas. They are the results 
of trophic changes secondary to degeneration of the nerves. 

Although the demonstration of the presence of the Mycobacterium 
lepra* constitutes the most reliable method of diagnosis, the latter are not 
obtained in many incipient cases, as well as in the early anasthetic variety. 
Under such circumstances, the mucous membrane of the nasal septum 
should be carefully examined for any evidence of ulceration, and smears 
taken from the area and examined for acid-fast bacilli. A negative bacterio¬ 
logical finding should not be relied upon and the physician would do well to 
rely on his own clinical data. 

Indirect methods: - 

Besides the above direct methods, indirect evidences may be obtained 
from other sources, such as the complement fixation test, hlood sedimenta¬ 
tion test and the effect of iodides. 

(i) Complement fixation test —A positive reaction may be obtained, but 
it has a very limited value in diagnosis. 

(ii) Erythrocyte sedimentation test —In leprosy, the red cells sink much 
more rapidly than normal. The* sinking speed of the red cells is observed in 
citrated blood. This test is not so important from the diagnostic point, 
but Muir has remarked that the test is invaluable for the prognosis and 
treatment of a case of leprosy. 

(iii) Effect of iodides —As already mentioned, iodide is a substance 
which brings about reaction by breaking down the “ripe” lepra cells. In 
this way, it may be useful in determining the presence of unsuspected lesions 
in the skin, nerves, lymph nodes and the organs of the body. Potassium 
iodide is administered in 20 grains doses twice a week and increased up to 
240 grains, the dose being doubled each time. Muir has remarked that in 
doubtful early cases, however, it is questionable whether it is the wisest 
course te) try to elicit more definite signs in this way. He advocates that in 
these cases it is wiser to keep the signs suspicious of leprosy under enerva¬ 
tion and try to increase the patient’s general resistance. 
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Leprosy and Dermal leishmanoid: —In our country, the latter condi¬ 
tion is often mistaken for leprosy. Fig. 191 depicts the picture of a case 
of dermal leishmanoid which to many will appear and pass as leprosy, but 
a careful and detailed examination will reveal 
the true nature of the disease. The best way 
to seitle the diagnosis in these eases is to 
clip a small piece from the nodule and make 
two smears from the rut s 11 rfare. The one is 
stained with Leisliman's and the other with 
Ziehl-\celscn\s stain. ^lirrosropieal examin¬ 
ation of such stained smears will show either 
Leishmania donovani or Mycobacterium 
lepne, as the case may be. 

.Vo/e;—Rarely the two diseases may co¬ 
exist in the same individual. 

Leprosy and Syphilis:- -These two dis¬ 
eases simulate each other very closely, as 
depigmentation and er\thema are common in 
both of them, and in both, the curium ot the 
skin is involved. It has been remarked bv 
Muir that for the differentiation of the two 
diseases, Kahn's precipitation test is more 
reliable than Wasscrmann reaction. 

Leprosy and pulmonary tuberculosis:— Sometimes, when the dis¬ 
ease involves the lungs, the* patient ma\ cough out, in his sputum, large 
numbers of M. lepr;e. I his may suggest that the patient is suffering from 
pulmonary tuberculosis. On the contrary, many lepers mav get pulmonary 
tuberculosis as a complication and the finding of the acid-fast bacilli in his 
sputum may suggest pulmonary leprosy. Baeteriologically, it is sometimes 
not possible to decide the issue. For an accurate opinion, animal inocula¬ 
tion test should always be resorted to. In the case of leprous involvement 
of the lungs, no effect will be produced on the test animal, whereas in the 
case of a tuberculous infection of the lungs, the animal will show unmis¬ 
takable'signs of the disease. 

Lcucodermic patches and ringworm affection of the skin are often mis¬ 
taken for leprosy. The absence of superficial anaesthesia and thickening of 
nerves in the above two conditions will settle the diagnosis. 

Leprolin test: —This test is used to measure the degree of resistance 
to leprosy. In order to perform the test, two leprolins arc employed. One 
is that of Hansen's, and which is prepared from leprous nodules, containing 
emulsion of M. lepra* and the other is that of Stefansky's, which acts as a 
control and is prepared from tissue lesions in rat leprosy, containing M. leprae 
murium. In both the leprolins, however, some tissue debris is always pre¬ 
sent. The test is carried out by injecting •• * «*.c. of each leprolin intradermal- 
ly on the inner side of the upper arm. * * itivc reaction is characterised 
by the appearance of nodules at the sit. - injection, the size of which is 
measured once a week for six weeks -mkedly positive reaction with 



Fig. 191. 

A ea-e of Dermal leishmanoid 
which may he mistaken for a 
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Hansen’s leprolin, i.c., when the nodule is larger than the* control, indicates 
increased resistance to leprosy. 

Rat leprosy 

This is a disease which is found in the domestic and ship rats, charac¬ 
terised by granulomatous affections of the skin, muscles and lymph nodes 
and caused by an acid-fast^bacillus, the Mycobaclcrimn Ivpnv murium. 
The causative organisms, which are found abundantly in the lesions, 
resemble the Mycobacterium lepra; in morphology and staining reactions, 
'flu* cellular reaction and the histological picture of the lesions also resemble 
those of human leprosy; but, whereas the latter disease cannot be trans¬ 
mitted by experimental inoculation, rat leprosy is readily communicated 
from animal to animal by experimental inoculation methods. The other 
differences between human and rat leprosy are as follows:—- 

(i) Rat leprosy runs a more acute course. 

(ii) Potassium iodide does not produce any reaction in rat leprosy. 

(iii) Stroma of the muscles is invaded in rat, but not in human leprosx. 

(iv) Nerve trunks and their branches are never involved in rat leprosy. 

Other acid-fast bacilli 

There* are three* main types of this group of organisms which are widely 
distributed in nature. All arc non-pathogcnic to human beings, leading a 
saprophytic existence. These are as follows:-— (i ) \l yculuiclcnum smcgmutis, 
found in the human smegma; (2) M \\olniclcrium hulyricum, found in 
sample's of butter, milk and cheese; and (3) Mycnhuclennm pUUri ( I imothy- 
grass bae'illus), found in grass anel hay. 

In morphoIe>gy and staining reactions, these bacilli resemble* very closely 
their more impe>rtant pathogenic allies, but, whereas they are acid-fast, they 
are not at all ale'ohol-fast anel they readily part with tlu ir fue hsinophil eharac- 
ter when tre*ate*d with alcohol. Another elifference* which tlu'se* non-patho- 
genic Mycobacteria possess is their easy anel rapid cultivation in ordinary 
media and at lower temperatures. For instance, they are* readily grown, 
unlike the* M. tuberculosis, in ordinary agar media at a temperature of 3o°(J. 
in 3 te> 4 days, producing an abundant growth. 

The importance of these organisms depends, however, on the* fae:t 
that they may be* confused w ith the* Mycohact4 rium tubere'ulosis, during 
laboratory methods of investigations for the* diagnosis of the latter. For 
instance, owing te) their frequent presence in the* human smegma, the* M. 
smegmatis is a common contaminating organism in the urine. The finel- 
ing of this acid-fast bacillus, during the bacteriological examination e>f the 
urine of a suspecte*d e*ase, mav therefore suggest genito-urinarv tubercu¬ 
losis. Similarly, when milk is examined, the presence of M. butvricum 
may suggest tuberculous infection. The cemfusion becomes worse when 
w r e know' that some of these noil-pathogenic mycobacteria pmducc, when 
inoculated into guinea-pigs, lesions almost indistinguishable from those of 
tuberculosis. Te> avoid such confusion, it is desirable that absolute alcohol 
be used sufficiently during the time of staining by the acid-fast method. 
By this means, the non-pathogenic members of the mycobacterium group mav 
be readily made to lose their acid-fast characters and thus safely excluded. 
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CORY NEB ACT ERIUM 

The* characteristic ol this spec ies ot bacteria is their tendency to the 
formation of club-like swellings at the poles (“ Corvne ” means ‘a club’). 

Examples:— 

A. Pathogenic to man and animals:— 

1. Corynebacterium diphtheria' (B. diphtheria;)—The causative 

organism of diphtheria. 

2. Corvtiebactcriinn <>vis (B. pseudotubcrcuiosis ovis; Priesz-Nocard 

b;i(illus)—The* causative organism of ulcerative lymphangitis 
of horses and pseudotubcrcuiosis of sheep. 

3. Corynebacterium murium (B. pseudotuberculosis murium)—The 

causative organism of pseudotubcrcuiosis of mice. 

B. Non-pathogemc to man and animals (Diphtheroid group of orga¬ 
nisms) : — 

4. (\>rynebacterium hoinunmi (B. hofmanni). 

5. ('orynebacterium .xerosis (B. xerosis). 

6 . ('orynebucierium ucnes (B. acne). 

CORYNEBACTERIUM DIPHTHERIJE 

(Bacillus diphtherias) 

HISTORICAL: — From clinical and pathological observations, Breton - 
neau, in 1826, regarded diphtheria as a specific disease and separated it 
into a clinical entity. 

In 1883, Klebs observed the organisms in the false membrane and 
described their characters but made no cultivation. 

It was hoe filer who, in 1884, first isolated the organism in pure culture 
from the throats of patients suffering from clinical diphtheria. He gave an 
account of its cultural characters and its pathogenic effects on animals. 
The organism is, for this reason, known as the Klebs-Loejflcr’s bacillus or 
simply as Loeftlcr's bacillus. 

In the year 1888, Noun and )'ersir * ■ ■ an important discovery that a 

potent extra-cellular toxin can be obta ..an the filtrate of a culture of 
diphtheria bacillus. The lesions prodin • »his toxin were exactly identi¬ 
cal with those which followed the injc * ' the living organisms. Thus 
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it was established that C. diphtheria? produced pathogenic lesions through 
its exotoxin and that there was no spread of the organisms beyond the local 
lesions. 


In 1890, von Behring (Fig. 192) first studied the immunological aspects 
of C. diphtheria' and was able to establish beyond doubt that a specific 
antitoxic serum could be prepared to neutralise its toxin and thus confer 
immunity against the diseaser 


No further serious discovery was 
made after this till the year 190S, 
when Bela Schick of Vienna suc¬ 
ceeded in introducing her specific 
method, the Schick test, in diagnos¬ 
ing the susceptibility of persons to 
diphtheria infection. On the basis 
of this specific test was started the 
active immunisation of susceptible 
children by a toxin-antitoxin mixture 
with marked success. 

HABITAT:— The organisms do 
not normally inhabit the naso-pharyn- 
geal mucous membrane but may be 
found in that situation in cases of 
carriers. They are always found in 
persons suffering from diphtheria. 

MORPHOLOGY:— 

Shape :—Slender rods, with a 
tendency to show clubbing at one or 
both ends. 



Size: — 3 to 4 //. in length by 
0.3 to 0.5 in thickness. 


Fig. 102. 

Kmil vnn Rrhrinjr lUlTi, 

(Ry court .-cy of Jin.vor Mounter Lucius). 


Arrangement: —They usually lie ill small clusters, parallel to one 
another or at various angles, so as to resemble the letter Y or L or 
combinations of these, which have been compared to Chinese letters or 
cuneiform characters (Fig. 193). This peculiar arrangement appears to 
depend on the mode ot division of the bacilli. During reproduction, when a 
bacillus divides into two, the cell membrane separates at one side com¬ 
pletely but remains continuous at the other end for some time. Hence this 
acts as a sort of a hinge on which the bacilli can work and arrange them¬ 
selves in L, or V shaped or any other angles. By a repetition of such a pro¬ 
cess among adjacent bacilli, the organisms are pushed together and the 
parallel grouping is thus assumed. 

It is a non-caps ulaied, non-sporing, non-flagellated and non-motile 
organism, 

Metachromatic granules ( 1 'ohilin granules or Babcs-Emsl granules ): 
—When stained, the protoplasm of the bacillary body takes the stain 
Unequally, giving a sort of barred or beaded appearance, due to specific 
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Fig. 193. 

Morphology of (\>rynetmct erium diphthe¬ 
ria , >liow 11114* the characteristic Chinese- 
lcttcr-hkc a rran cement. 


intracellular granules. Owing to 
the presence of these granules, the 
bacilli give a metachromatic 1 reaction 
with certain dyes and hence, they are 
referred to as “ metachromatic 
granules ” (Mela, after; Chrome, 
colour). They are usually situated at 
the poles of the bacilli and are known 
as ‘polar bodies’ or ‘polar granules’ 
(I iilc Fig. 103). They may also occur 
in other parts of the bacterial body 
and the longer bacilli may contain 
several of them. 

Polymorphism or Pleomorph - 

ism :—This is very characteristic of 
the species because of its wide varia¬ 
tion* in length, development of the 
terminal swelling and metachromatic 
granules. 


Involution forms (Fig. 104): —These forms represent the degenerated 
and distorted forms of the organisms, whit'll appear when the cultures are 
incubated lor more than 24 hours. 
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This is due to old age and also to 
unfa\ourablc environmental condi¬ 
tions, resulting from the exhausion 
oi the nutrient matter in older culture 
media. The bacilli become thicker, 
longer, segmented or curved. They 
may be pearshaped, club-shaped and 
globose. 

STAINING REACTIONS:— 

1. Aniline dyes: —They take up 
the basic aniline decs with great 
readiness and have a special affinity 
lor alkaline methylene blue (Loef- 
ller’s). With this stain the granules 
stain deeply and become prominent, 
giving* the metachromatic reaction 
as described above. A headed appearance is thus produced and the bacilli 
may be mistaken for streptococci. 

Gram’s stain: —It is (iram-positive. 

3. Special stains (see page 24):—With these stains the metachromatic 
granules are better demonstrated (Fig*. 195). 

Principle of the stains :—As tb»- •"»•?achromatic granules are com¬ 
posed of substances allied to nucleo-pr * . they are more deeply stained 

than the remainder of the bacterial prot.« ■■■• specially in an acid solution* 
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Fig. 194. 

Involution forms (A) of Corynebacterium 
diphtheria? as compared with the normal 
forms (B). 
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CULTURAL CHARACTERS: - 
Biology: —The organisms ^row 
best at a temperature of 37*5°C. »i 
a medium containing serum or egg. 

They are aerobic but facultatively 
anaerobic. \ 

Cultivation : —On good nutrient 
agar, the organisms mav grow, but 
scantily and after prolonged incuba¬ 
tion. ("atonies are very small and 



resemble those of streptococci. They 


are small circular discs of an opaque 
creamy whitish colour. Better growth 
is obtained in glycerin agar (glycerin 
2 to 3 per cent.) or serum agar or 
glucose agar. 


Fig. 195. 

i<- granules of Corynelmc - 
tcrium itiph Iberia*. Stained with von 
St a It cohort: stain. 


X(> 1 'K: -Ordinary nutrient agar is not 
suitable Jor the culture and diagnosis of 
C. diphtheria 1 . 

In fluid media such as glucose broth or 
serum broth, the organisms produce a 
granular deposit at the bottom with some¬ 
times, a pellicle formation on the lop. 

Special media (p. 03) used for the purpose* 
are Loefller’s serum medium, Dorset’s egg 
medium and serum agar. 'Hie bacilli grow in 
Loeiller’s medium within six hours and before 
other secondary organisms have had time to 
grow; lor this reason, it is very suitable for 
primary cultivation and rapid diagnosis. 

Character of the rohmies —The colonies on 
solid media arc* discrete, opaque and cream 
coloured or pale yellow in colour. 'Huy arc? 
circular and convex, with a slightly raised 
centre, having a ‘ poached egg ’ appearance 
(Fig. iy6). 


Fig. lee. 

Growth of Corynebacterium 
diphtherias on solid medium 
(Loeffier’s medium), showing 
the characteristic raised 
“poached*egg’'-like colonies. 


Tellurite medium (vide p. 64)—This 

is specially used for the isolation of the true 
diphtheria bacillus from the other non- 
pathogcnic members of the Corynebacteria 
group. C. diphtheria? produces black colonies 
with a greyish white periphery while the 
diphtheroid group produces greyish white 
colonies. 
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In order to prove the pathogenicity of a given strain of C. diphtheriae, 
it is necessary to cultivate it in the following wavs:_ 

•1 i. Primary culture oti Loc flier s medium —All primary inoculations 
from the infective material must be made on a medium rich in serum and for 
this, Loeiller’s inspissated blood serum medium is the best. 

2. Secondary cultures on serum agar plates —In order to obtain a 
pure culture, subculture may be made on serum agar plates. Selective 
medium containing telluric acid may also be used for this purpose. 

3. Cultivation 0} (he pure organism in broth —-In order to prove that 
the organism produces a dillu>ible exotoxin, it is grown in a fluid medium, 
such as broth. 

BIOCHEMICAL REACTION - Fermentation reactions are best per¬ 
formed in Hiss's serum water medium (pp. 72 \ S7). This is filtered horse 
serum, diluted 1 in 4 with^distilled water, and sterilised bv steaming at 
ioo°C\ for 3 successive days. Sugars, 1 per cent., and indicators may be 
added, either before or after. The organism produces acid but no gas in 
glucose, maltose, galactose and dextrin. It never ferments saccharose 
and lactose. 

In milk, there is an abundant growth of the organisms with acid 
production but no clotting. 

Gelatin is not liquefied. 

VARIETIES OF CORYNEBACTERIUM DIPHTHERIA 

M'lcod and his co-workers have been able to distinguish two forms of 
C. diphtheria*, chiefly according to their cultural characters. They are (i) 
C. diphtheria * mitis and (ii) ('. diphtheria ’ gravis. The differences between 
the two are shown in the following table. , * 

C. DIPHTHERIA GRAVIS. C. DIPHTHERIA MITIS. 

(harm ter of growth: - 


On solid media 

Flattened lustr*U*>s colonies 

of irregular outline. 

Colonies are convex and partly 
translucent. 

hi broth 

Granular deposit at the bottom 
and pellicle formation on the 
surface. 

Uniform turbidity. 

i 

l hemolytic activity ... 

Negative. 

Positive. 

Fermentation of poly¬ 
saccharides (starch t 1 * 
glycogen) 

Positive. 

Negatix e. 

Toxic phenomenon 

Wrv marked. 

General toxic symptoms tend to 
be slight, though there may 
be formation of an extensive 
false membrane. 


NOTE :—In an epidemic, the virulent ca* " due to the gravis type of bacilli. The 

mitis type, although found to produce mild s’ in human infection, gives rise to pro¬ 
fuse toxin formation in cultures and is eq* 'ogenic to guinea-pigs. The strain 

commonly known as the “ Park Williams Nr f the nature of C. diphtheria: mitis. 
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RESISTANCE: —Unlike other pathogenic bacteria, this organism can 
withstand desiccation and exposure to light much more considerably. 

Drying —The bacilli, in the dried condition, can survive lor a longer 
period. In a dried membrane, the organisms resist a temperature of fj8°U. 
for one hour. When kej^ at room temperature and in a dark place, they 
may remain alive and virulent for several months. These facts should be* 
remembered in considering the mode of spread of the disease. 

Temperature —The organism, in the vegetative state, cannot resist 
heating very much and the thermal death point is 5S°U. for 10 minutes 
(JVclch and Abbot). Low temperatures and freezing arc* well borne. 

Antiseptics —It is easily destroyed by chemical disinfectants in strengths 
customarily employed. Hydrogen peroxide seems specially etlicacious in 
killing the organisms. 

TOXIN PRODUCTION The very fact that tin* bacilli remain localised 
and are not disseminated throughout the body and still produce serious 
symptoms led Loeffler to infer that the organisms elaborated a poison which 
produced the symptoms after absorption. It was Roux and L ersin who 
first demonstrated the presence* of an extra-cellular toxin (c.\ato.\in) in the 
filtrate of a broth culture of C . diphtheria'. This filtrate, when injected into 
a susceptible animal (guinea-pig), produces practically the same efleet as the 
living bacilli. 

'The production of exotoxin \aries with different strains. It has been 
found that a particular strain, known as “ Lark Williams \o. S," produces 
the maximum amount of exotoxin and hence, the* same* is used for the 
preparation of antitoxic sera. 

The nature and various properties of exotoxin are* already mentioned 
on p. 39 and p. 154. It will be* se*en further that in a filtrate* of broth culture 
cf C. diphtheria*, 3 kinds of toxins may be* found. They are* as follows: — 

* (a) Pure toxin, where both the toxophore and haptophore* groups are 
present. 

* (b) Toxoid or anatoxin, where the* toxophore group has suffered 
deterioration but the haptophore group has not undergone any alteration, 
and hence, the latter has still the* power to act as an antigen and to combine 
with antitoxin. 

(c) Toxone, which possesses a toxophore group different from pure 
toxin and hence has a different toxic action. Its local action on tissues is 
very slight and it is responsible fe>r the* production of late nervous phenomena. 
It has also a weaker affinity for antitoxin. 

SEROLOGICAL REACTIONS: —The following antibodies have been 
demonstrated in an immune serum. 

(i) Antitoxin —This is the most important antibody and is largely used 
for therapeutic immunisation. 

(ii) Bacieriotropin of Neufeld or thermostable opsonin which exerts a 
stimulating action on the phagocytes, in vitro as well as in vivo . 
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(iii) Precipitin Its presence is demonstrated by the occurrence of a 
flocculent precipitate when an antiserum is mixed with a toxin or anatoxin. 
This reaction is now being- employed for the standardisation of antitoxin. 

*4 gglutinin, haclcrinlysin and complement’"fixing body are not usually 
found in antisera. 

ANIMAL INOCULATION: —Of the various laboratory animals which 
are susceptible to diphtheria toxin, the guinea-pig is the most important and 
is very sensitive. Rabbits are less susceptible and the mice and rats are 
practically immune. 

Animal inoculation is generally employed to test the virulence of an 
organism which has been isolated from the throat of an infected person or 
of a carrier. It is also used to test the potency of an exotoxin obtained by 
filtration. 

The animal of choice is the guinea-pig and the method most commonly 
employed is the subcutaneous inoculation. A local legion manifests itself 
w ithin u hours and at the end ot 24 hours, the animal shows definite signs of 
serious illness. It loses weight rapidly, the temperature falls and the animal 
becomes dyspnu*ir. The lowering of the temperature is due to the gradual 
failure of the \ital power**. The animal usually dies within 4 days. It is 
always ad\isable to use two guinea-pigs lor the test. One of the animals 
which serves as a control, is protected by an injection of 500 units of anti- 
diphtheritic serum, ij to 24 hours before the test is carried out. If the 
organisms appear to be \ indent, tlu \ will not produce any ill effects in the 
control animal, but the test animal will manifest all the signs of illness 
mentioned above and post mortem, the following lesions will be found. 

Characteristic post mortem appearances (Fig. 107): — 

Local effects —At the site ot the inoculation, a massive, gelatinous and 
sanguineous (edema is developed. Usually, there is a varying amount of 
inflammatory exudate in the form of a thin greyish white membrane. The 
regional lymph nodes are enlarged and congested. 

General effects —Tin* most constant and characteristic lesion of 
experimental inoculation is found in the adrenals. Both the organs are 
enlarged, congested and dark red in colour. On section, extravasation of 
blood (hamiorrhages) is seen inside the substance ot the organ. Besides the 
above, there is a marked congestion of the kidneys which appear bluish 
purple in colour, (edema of the lungs, effusion into the pleural and pericardial 
cavities and necrotic changes in the heart and liver. 

Note: —r. diphtheria' always remain strictly local and never disseminate 
into the general blood stream. 

Intradermal test (Okcll and Parish): In order to test the virulence 
of the organism, it is isolated in pure cultu.* b* cultivating it on serum agar 
plates. After 18 hours’ incubation, a sali<.sion is made and standard¬ 
ised to contain 500 millions of organisms ; . Two white guinea-pigs of 

standard weight arc taken. One of then. «ected by an intraperitoneal 
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Fig. 197. 

Post mortem appearance of a guinea-pig. inoculated subcutaneous 
ly with a virulent eulturo of ('orynebactcrium diphtheria-. A thin 
greyish white membrane along with intense hypertemia has deve¬ 
loped at the site of inoculation. The adrenals are found to ho 
enlarged, swollen and hypera?mic, one of them has been cut open 
to show* the occurrence of haemorrhages in its substance. A smear 
examination of the exudate from the local lesion revealed the pre¬ 
sence of C. diphtheria?. Culture from heart’s blood was negative, 
showing the absence of bacteriiemia 


injection of 500 units of diphtheritic antitoxin on the day before the test. 
This animal serves as a control. Both the animals, after shaving or depilation, 
are injected intradcrmallv with 0.2 c.c. of the standardised emulsion. Six 
hours after the injection, the test animal, i.e., the unprotected one, is injected 
intraperitoneallv with 125 units of antitoxin so as to prevent the death of the 
animal from diphtheritic toxaemia. This, however, does not interfere with 
the development of reactions. The readings arc taken 24 hours, 48 hours 
and 72 hours after inoculation. If the organism isolated is a virulent 
C. diphtherias, it will produce in the test animal a well defined erythematous 
patch, about 15 m.m. in diameter, which progresses to superficial necrosis. 
The lesion heals on the third or fourth day. The control animal will not 
show any sign of illness. 
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PATHOGENICITY 

ANIMALS do not suffer from diphtheria. 

In HI MAN BEINGS, the organism produces the disease, diphtheria, 
whic h is characterised by the formation of a false membrane at the site of the 
inlection and associated with various toxa?mic symptoms. Children of 
2 to 5 years of age are the commonest victims. 

Mode of infection: —In the great majority of cases, the disease is 
spread from a earner, whether sick or healthy, by droplet infection, the 
organisms being expelled from the mouth or nostrils by coughing, sneezing, 
kissing, spitting and even talking. 

I'omites, such as objects contaminated by patients, viz., tovs, common 
drinking cups, clothings and beddings, where the bacilli may remain alive 
for a long period, specially if kept in the dark, are fruitful sources of 
infection. In schools, the common use of pens, pencils and slates hv the 
scholars, some of whom arc carriers, may be responsible for an outbreak. 
Contaminated milk is sometimes responsible for the outbreak of an epidemic, 
the organism being generally derived from a human carrier. 


Animals do not play any part in the spread of the disease, apart from the 
cote in rare cases. Occasional!}, an ulcerative condition of the udder of a 
cow may be secondarily infected with C. diphtheria* and the milk of such a 
cow is heavily infected with the bacilli. Ingestion of such a milk, when 
inperfectly sterilised, may give rise to an epidemic of the disease. Cats were 
supposed at one time to be responsible for the spread of the disease but the 
work of Savage and others (1919-20) has shown that they are not carriers of 
C. diphtheria?. 



Fig. 108 . 

Photoniicroffraph from a section of a diphthe¬ 
ritic membrane, showing the characteristic 
structure. Note the presence of the fibrinous 
network and inflammatory cells. 


Portals of entry:— The 

organisms gain entrance through 
the nose and nasopharynx which 
are the favourite sites of their 
lodgment. 

Pathogenesis: —The bacilli 
thrive in the pharyngeal and 
laryngeal mucous membranes. 
They start a superficial in¬ 
flammation of the epithelium and 
the tissues underneath, resulting 
in vascular engorgement and 
eoagulativc necrosis of the cells. 
An exudate, consisting of coagul- 
ablc lymph and leucocytes, is 
poured out on this area. It 
rapidly coagulates and this, 

' .^thcr with the degenerated 
- leucocytes and the bacilli, 
Elites the characteristic 
. ado or false membrane** 
- 198 and 199). The bacilli 
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Fig. 199. 

A portion of Fig. 10s as seen under the oil immersion 
lens, showing the presence of a large number of 
Conjnebavlcriitm dipht h rritr 


multiply in this exudate with 
incredible rapidity, giving out a 
large amount of exotoxin which is 
quickly absorbed into the circulation 
and produces the characteristic con¬ 
stitutional symptoms. Such pseudo 
membranes may form anywhere, 
such as over the tonsils, pharynx, 
larynx, etc., and usually tend to 
extend rapidly to the adjacent areas. 

Frequent common sites (Fig. 200) 
are the (i) throat (tonsils and the 
neighbouring areas), producing 
faucial diphtheria (this is the com¬ 
monest site), (ii) nose (inferior 
turbinate bones), producing nasal 
diphtheria and (iii) larynx, pro¬ 
ducing laryngeal diphtheria. 

Regional lymph nodes: —Corre¬ 
sponding to the seat of the mem¬ 
brane formation, these arc often 
enlarged and inflamed (adenitis). 
This is generally due to the absorp¬ 
tion of the toxin from the primary 



Fig. 200. 

Diagram of the upper respiratory tract, 
showing the common siteB, as marked by 
the sign X, of infection with Corynebac - 
terium diphtheria j . 



PA I HOLOGICAL LESIONS 

lesion, but may also be due, to some- extent i„ , 
•TV invadrrs , 1 ,, ,-l.irf „f arc . 
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Pathological lesions . 

heads: — 


the haemolytic streptococci. 

Jlu sc may be discussed under the following 


.1. Effects of the bacilli themselves. 

H. Effects of the e,o,o X i„ absorbed from the area of the local lesions. 

1 ' kffCClS /, ' r "'" / - W,V ^l»"cocci as secondary invaders. 

A. Effects of the bacilli themselves_\ fai^. ,,,, u 

( . ,f 1,,<, 5 m ‘. nt of ,h ‘‘ and as alreadv' memioned^he Ipp- 
respiratorv tract is the commonest and the most frequent site. ?P 

( ' V,,W characters of the membrane 
It is greyish white in colour, 
wrinkled, tough, difficult to strip off 
and when separated, minute bleeding 
points are noticed. 

I he membrane which is formed over 
tile larynx and trachea gives rise to a 
mechanical obstruction and difficulty 
m breathing (dyspnoea) which requires 
tracheotomy or intubation. 

A (; S : —Broncho-pneumonia 
* a common complication of 
diphtheria is not pro¬ 
duced by C. diph¬ 
theria but by Strep¬ 
tococci and D. 
pneumonia' which are 
loimd in the throat as 
secondary invaders. 
In cases of laryngeal 
diphtheria, the mem¬ 
brane can be seen 
extending downwards 
(big. 2oi) along the 
trachea, bronchi and 
even the bronchioles, 
producing capillary 
bronchitis, broncho¬ 
pneumonia and col¬ 
lapse ol the lungs. 



Fig. 201. 

t iVi» 08 « ‘inien of a ease of laryngeal diphtheria, showing: 
extension of the fal«e membrane down tlie trachea and 
bronchi. 


In eases ol laryngeal obstruction, emphysematous changes are also seen 
the lungs. 

B. Effects of the exotoxin absoi.-.. from the local lesions:— 

The bacilli remain strictly local and m . n entrance into the general 

circulation, i.e., there is no bactericemia. ..temic effects and the tissue 
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changes in the internal organs are entirely due to the absorbed exotoxin. 
These effects are (i) pyrogenic , producing fever and general constitutional 
symptoms; (ii) tissue poison, affecting the vital organs, viz., heart, kidneys, 
adrenals, voluntary muscles, brain, etc.; and (iii) nenrotoxic, causing 
degenerative changes in the nerve fibres. 

Effects of the exotoxin 

HEART :—There is a true myocarditis with hyaline and fatty degeneration 
of muscle fibres, giving rise to an acute circulatory failure which is generally 
seen during the second week and after . The heart changes are very serious 
and take a long time to recover. Hence, the value of prolonged and careful 
convalescence should always be kept in mind in treating cases of diphtheria. 

BLOOI) VESSELS :—The exotoxin has a marked paralysing effect on 
the vasomotor control of the blood vessels, producing the condition known 
as peripheral failure . 

Note :—In diphtheritic infection, there is often a reduction of blood 
sugar (hypoglycemia) which aggravates toxemia. Another point to be 
remembered is that a severe grade of anemia may be produced in this disease. 

KIDNEYS :—Albuminuria is very frequent and appears about the eighth 
to the tenth day, but is not usually serious. It is due to a condition of toxic 
nephrosis. Acute interstitial nephritis is not of so frequent an occurrence in 
India as has been described. Its incidence is very small, occurring only in 
the gravest type of cases. 

ADRENAL GLANDS :—Fatty changes and hemorrhages are seen and 
hence, the failure of function. This supra-renal deficiency produces a great 
fall in the blood pressure. 

NERVOUS SYSTEM :—The diphtheria exotoxin produces marked neu¬ 
rotoxic effect on the nerve fibres resulting in paralysis. This generally takes 
some time and appears after the third week. 

Incidence —On an average, about 20 per cent, of diphtheria eases show 
signs of paralysis and it is very common if the nose* and throat are both 
involved; pure nasal and pure laryngeal cases are less frequently followed by 
this complication. In very severe cases, when the nose and throat are both 
involved, the incidence may rise as high as 40 per cent. The incidence of 
this complication also depends on the promptness with which the serum treat¬ 
ment is started. For instance : — 

(i) If the serum is given on the first day of the disease, the incidence 

is 3*6 per cent. 

(ii) If the serum is given on the fifth day of the disease, the incidence 

is 26 per cent. 

Pathology :—The lesion is of the nature of a toxic neuritis with 
parenchymatous degeneration of the peripheral nerves. Inflammatory exu¬ 
dates in between the nerve fibrils compress the latter and cause temporary 
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ncuritic symptoms which may dear up as soon as the exudates are absorbed. 
If the exudate is large and becomes organised, then the symptoms may 
remain permanent. 

Nerves affected: —The third and sixth cranial nerves are commonly in¬ 
volved. This produces paralysis of the intrinsic and extrinsic muscles of the 
eyeball. Hence cycloplegia and squint are often noticed. Affection of the 
ninth (glosso-pharyngeal) and tenth (vagus) cranial nerves is also very 
common, resulting in nasal regurgitation of food, nasal intonation and even 
loss of voice, dilheulty in swallowing and rarely dyspnoea. Occasionally, the 
phrenic nerve may be affected, producing paralysis of the diaphragm (see-saw 
respiration). Peripheral nerves of any part of the body may be involved. 

C. Effects of haemolytic streptococci: —In diphtheria, as in any other 
ulcerative condition of the throat, the hiemolytie streptococci are often found 
as secondary invaders. The effect of such a secondary infection is shown by 
a high temperature, broncho-pneumonia and swelling of the upper cervical 
lymph nodes. In the last situation, the organisms give rise to an acute 
pyogenic' inflammation, ending in suppuration. Such a purulent lymph¬ 
adenitis is frequently found to persist for a long time after the primary 
condition in the throat has disappeared under specific treatment. Unless 
the pus is evacuated, the convalescence becomes prolonged and tedious. 
The organisms are recovered in pure culture from the pus. 

It will thus be seen that the hiemolytie streptococci may, sometimes, 
complicate a case of diphtheria and add to the seriousness of the disease. 
For instance, in cases of diphtheria where* the temperature runs high and 
symptoms of general toxiemia are very intense, inspite of the specific serum 
(anti-diphtheritic) treatment, the possibility of a superimposed streptococcal 
septicaemia should always lie kept in mind. The writers have observed that 
the use of anti-streptococcal serum (luemolytic strain) in such cases has been 
attended with very favourable results. 

Local forms of diphtheria: —These local forms are of infrequent 
occurrence and the following have been described: — 

Fibrinous rhinitis (nasal infection)—This condition is characterised bv 
its mildness and by being free from any toxiemic symptoms of diphtheria. 
'I'he fact that constitutional symptoms may be slight or absent, suggests the 
presence of some factor which prevents free absorption of the toxin from the 
nasal cavity (Andrews 1923). 

Diphtheritic conjunctivitis: —This is the result of direct inoculation, but 
may extend from the nose through the naso-lachrymal duct (vide Fig. 200). 

Diphtheria of the genital tracts (diphtheritic \ ^-vaginitis)— The infec¬ 
tion is generally secondary to faucial diphtheria . organisms being con¬ 

veyed by contaminated fingers. On rare occas . may be primary. A 
false membrane may form on the inner surface <*. *r both labia and may 

extend into the vagina. The condition may be '■ i with gonorrhoeal or 

other infections. The diagnosis is settled bv . .oscopic examination 
of a smear made from the lesion. 
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Diphtheritic infection of woundA I'his is not very common and for its 
diagnosis a bacteriological examination is essential. 

Otitis media— This may arise as a complication of faucial diphtheria, 
the infection being spread through the Eustachian tube (ride Fig. 200). 

Larval diphtheria: —This term is applied to cast's of diphtheria un¬ 
accompanied by any toxic signs. Virulent bacilli may, however, be present 
in the lesion and the eases being ambulatory, form a considerable danger to 
the community. 


CARRIERS 

These are persons who harbour virulent C. diphtheria* in their throat or 
nose, without any manifest sign of the disease. There are two types of 
carriers, (a) contact and (b) convalescent. The former are those who do not 
suffer from the disease but have become infected from contact with a case or 
with another carrier. The latter are those in whose nose and throat the 
bacilli persist after recoverv from the* disease. 

/ 

Thomson, Mann and Marriner obserxed the following, regarding the 
disappearance of the bacilli from the throat and nose after the commencement 
of convalescence. Amongst the throat cases, 50 per cent, become free within 
a fortnight, the remaining 30 per cent, become free within a month and the 
rest become free bv the third month. Nasal cases tend Jo c lear out somewhat 
more slowly. 

As a rule, the bacilli disappear from the throats within a fortnight to 
three weeks after the separation of the false membrane, but in a small propor¬ 
tion of cases, they may be found for several weeks or months afterwards. 
Such individuals, harbouring the bacilli, become convalescent carriers. Car¬ 
rier condition tends to persist in younger patients and particularly when the 
nose is affected along with the throat. Persistence is aided by abnormal con¬ 
ditions of the nose and throat, such as a chronic' rhinitis or tonsillitis. 

Detection of carriers: —This comprises the following: — 

1. Isolation of the C. diphtheria 1 from tlu* throat or nose and testing 
their virulence on guinea-pigs. 

2. Schick test—The carriers give a negative reaction. This indicates 
that the organism in the throat of the carrier is a virulent one (ride infra). 

Treatment of carriers: —Application of ordinary antiseptics in the 
throat is useless, as the bacilli lodge in the crypts of the tonsils. Various 
forms of general specific treatment, e.g., the administration of toxin-antitoxin 
mixture, toxoid and toxoid-antitoxin floccules, have been tried, but their value 
is very difficult to assess, as the carriers naturally tend to free themselves of 
bacilli without any special treatment. Local application of cultures of 
Staphylococcus pyogenes aureus, to produce an inflammatory reaction, has 
also been tried. Spraying the throat with pyocyanase had been tried, but 
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the results were not encouraging. Surgical treatment, to correct the abnor¬ 
malities of the throat and nose, may be resorted to. An unhealthy, chroni¬ 
cally inflamed tonsil should be enucleated. In the case of a nasal carrier, 
irrigation of the nose with alkaline douches yields excellent results. 


THERAPEUTIC CONSIDERATIONS 


Serum Therapy: -"Antitoxin is very largely used now-a-days for the 
treatment of diphtheria and its introduction in therapy has greatly lowered 
the mortality and also modified the course of the disease. The impossibility 
of preventing the disease spreading to the larynx, the extreme rarity with 
which larvngeal cases recovered without operation and the high death 
rate from tracheotomy, as well as the inability to cut short a faucial attack, 
made the prognosis in the pre-antitoxin days much more grave than at 
present. With the introduction of the antitoxin, however, not only the inci¬ 
dence and mortality of laryngeal c ases have fallen considerably, but the pro¬ 
portion of such cases in which operation is necessary has been greatly reduced 
and the recovers rate after tracheotomy or intubation enormously increased. 
The following table is very instructive, comparing the case mortality and 
recoverv rate during pre-antitoxin da\s and present days (antitoxin): — 


iY«*-nntituxin day (before 


Present day. 


3*i tu 40 p*.T cent. 8 to io per cent. 


Mortality ratt* in l.iiyngt\il 

( ... bo to 70 per ivnt 10 to 15 per cent. 

Recovery rate troin Tracheo¬ 
tomy. ... J5 to 30 per cent. 70 to 75 per cent. 


Dosage : —The amount of antitoxin to be given in a particular case 
depends on (i) the severity of the disease and (ii) the day of the disease when 
treatment began, and not on the age of the patient. Thus, if seen on the 
first day of the disease, 6,000 to 12,000 units are enough for mild cases, 
whereas 12,000 to 20,000 units should be given for cases of medium seventy. 
For bad cases, 24,000 to 30,000 units should be considered an effective dose. 
After the first day of onset, however, these doses should be increased. 

Regarding the question whether a single dose or repeated doses should 
be administered, the general aim is to give all the necessary antitoxin within 
twenty-four hours. It should be noted that combination of toxin with the 
tissue is gradual and is not completed at once. In the early stages, the toxin 


remains in a state of loose and dissociable combina;. but later, a final and 

stable union takes place between the toxins and ti^ producing the patho¬ 

logical effects. Hence, early treatment with a m;; .lose is of paramount 
importance. This will tend to dissociate the loo^- -tissue combination 

and the free toxin will be at once neutralised by th amount of antitoxin 
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introduced, thus preventing’ its pathological effects on vital organs. Repeti¬ 
tion of the dose is guided by the general condition of the patient and the* 
rapidity with which the membrane separates. 

The value of early treatment is shown by the following statistics from 
the Annual report of the Metropolitan Asylums Hoards, London, for uk>K. 


Day of disease on which treatment began. 
First day 
Second day 
Third day 
Fourth day 

Fifth day and afterwards 


Perevn 1 age mortality. 
3 ° 
b'5 

I o’6 
... 12C) 

... M’S 


Methods of administration :-~The antitoxin may he injected subcutane¬ 
ously, intramuscularly, or intravenously. The object of the antitoxin treat¬ 
ment is to have the maximum concentration of the remedy in tin* blood with¬ 
out the least possible delay. The time required for the appearance ol the 
maximum concentration in the blood by the various methods is as follows, 
intravenous, at once; intramuscular, 24 hours and subcutaneous, about 4 
days. For therapeutic purposes, therefore, the subcutaneous method should 
not be resorted to and the commonly accepted method is the intramuscular 
inoculation, generally given in the outer part of the thigh. Intravenous 
route is left for very bad and late cases. 


The strength of the antitoxin is expressed in “units” and one unit is 
defined as the amount necessary to neutralise 100 M.L.I). of diphtheritic 
toxin for a standard guinea-pig. Preparations of concentrated antitoxin 
are available in the market and can be utilised where large doses are re¬ 
quired. The advantage of using such a concentrated antitoxic serum is 
that very little foreign protein is injected into the patient and consequently 
the chances of anaphylaxis and other unpleasant serum reactions are 
minimised. 


Mode of action of antitoxins: —As mentioned on previous occasions, 
introduction of antitoxin therapy cannot repair the damage that has already 
been produced, but can prevent further injury being inflicted on tissues. 
Hence, the early treatment is so seriously stressed upon. Signs and symp¬ 
toms of diphtheria are the manifestations of toxamiia and, as there is no 
bacteritemia, the question of bactericidal action by the serum does not come 
in. The toxins which are circulating in the blood are neutralised bv the 
antitoxin and those that are in loose combination arc dissociated and ren¬ 
dered inert. The toxins which arc fixed in the tissues arc not influenced in 
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any way. I Iius, tlic important effort of scrum therapy is to relieve the 
toxiemia, thereby allowing the natural defensive powers of the body to fight 
with the organism at the site of the membrane formation. The disappear¬ 
ance of the membrane resulting from antitoxin treatment is not due to any 
specific lytic actions ol the antitoxin, but is effected by the usual reparatory 
pr <ktssps of the body. 

Prophylactic immunisation against diphtheria 
Methods:— 

1. Passively—By injection of antitoxin. 

2. Actively — (til By toxni-anfitoxin mixtlire (Park), (h) by toxoid 

nr anatoxin (Panion) and (c) tty toxoiil-antiloxin floccuJcs. 

Passive immunisation: —Tin* use ol diphtheria antitoxin, as a prophylac¬ 
tic measure, is not very advantageous. The immunity produced is of a very 
bricl duration and does not last lor more than 3 weeks, d'ln.s method is often 
utilised to produce a rapid, though temporary, immunity. The usual dose 
tor this purpose consists ol 500 units for children and 1,000 units for adults. 
It is the opinion ol many authorities that susceptible contacts should not 
have any pmphxlactic antitoxin immunisation but they should be isolated 
and carclully observed for the development of clinical signs of diphtheria. 
As soon as a positive clinical diagnosis is made, antitoxin should be adminis¬ 
tered at the earliest moment. 

(Objections for antitoxin prophylaxis :— 

1. Short duration of protection. 

2. Renders subsequent therapeutic injection less effective, owing to 

the development of preeipitins in the blood. 

3. Risk of anaphylaxis during subsequent serum treatment. 

q. Carriers of virulent bacilli are created by this passive immunisa¬ 
tion. 

Active immunisation (I)iphtheria prophylactic):—Susceptible individuals, 
as proved by positive Schick reaction (vide p. 357), may be actively immunised 
by the injection of anv one of the following preparations—Park’s toxin-anti- 
toxin mixtures (T.A.M.), Ramon’s anatoxin or formolised toxin (F.T.) and 
toxoid-antitoxin tloccules (T.A.F.). 

(i) By toxin-antitoxin mixture —The preparation is standardised to con¬ 
tain 3 L t doses of toxin (vide p. 15S) and 3 units of antitoxin. Such a mix¬ 
ture* will retain its properties unimpaired for some months, but it should 
preferably be used within 3 months of its issue. When kept in the cold, the 
antitoxin is dissociated, rendering the mixture much more toxic than it should 
be; hence, frozen mixtures are dangerous and u ' \ always be avoided. 
Owing to this disadvantage, it has been replace .1 .oxoid-antitoxin mix¬ 
tures and other diphtheria prophylactics. 
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Three subrutancous injections of i c.c. each, at intervals of 7 to 10 days, 
are required for immunisation. Immunity developed is a gradual one and 
takes at least 3 months and is complete in 3 to 6 months, as shown by a 
negative Schick test. The duration of the immunity induced by this method 
is also a protracted one and lasts for more than 6 years in cjo per cent, oi 
children. The antitoxin formed in the individual, being of his own manufac¬ 
ture, persists much longer than when foreign antitoxin is injected. 

(ii) By Ramon's anatoxin or formalized toxin (K.T.)—Anatoxin is a form 
of toxoid, obtained by the action of formalin (0*4 per cent.) on diphtheria 
toxin and incubating at 37°C. for one month. It has recently been used as 
a substitute for toxin-antitoxin mixture and lias the great advantage of being 
non-toxic. Such an anatoxin has lost its toxophore group, but still retains 
its haptophore one which is thus capable of provoking an antibody response. 
Three subcutaneous injections of 0 5, 1 and 15 c.c. are made at intervals of 
2 to 3 weeks. 

(iii) By loxoid-antitoxiti floccules (T.A.F.)— This consists of a suspen¬ 
sion of flocculent precipitate formed by neutralising equal proportions of 
toxoid and antitoxin. This is a costly preparation, but its immunising effi¬ 
ciency is very high. 

.V ole :—It has been remarked by (Benny and his co-workers that owing 
to the rapid elimination of toxoid and the floccule, they do not act as ellici- 
ent and continuous stimuli. But when they are treated with alum, their 
antigenic, efficiency is much increased. 

LABORATORY DIAGNOSIS 

Diphtheria is a disease, the diagnosis of which mainly rests on the 
physician and not on the bacteriologist. This is because complete laboratory 
diagnosis is not possible within 24 hours and owing to the seriousness of the 
condition, the antitoxin treatment cannot be held back. A microscopic and 
cultural report can, however, be given within 12 hours, but the mere pre¬ 
sence of the bacilli does not prove that the case is one of diphtheria. Bac¬ 
teriologist can only report their presence or absence and it is the physician 
vrho will associate the presence of the organism with the disease and assess 
its importance. Whenever there is any suspicion of a case being diphtheria, 
it is the duty of the physician to start the antitoxin treatment at once, with¬ 
out waiting for the laboratory report. It is in those cases where the suspicion 
is against diphtheria and the material is obtained from the throat of a sup¬ 
posed carrier or from other places of the body, from animals, and in fact from 
any source apart from a human being, that a full laboratory diagnosis is 
necessary. 

Lastly, to give proper facilities to the bacteriologist, the latter should 
be provided with a detailed information about the history of the case, and 
the nature and source of the material submitted. 

Collection of the material and transmission: —It is apparent that 
the best material will be a piece of the membrane obtained with a pair of 
forceps. Sterile swabs, introduced by v. Esmarch in 1895, will also serve the 
purpose of obtaining the membrane. 
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Essentials of a throat swab (Fig. 202)_ 



(i) Non-absorbent rot ton wool. 

(ii) Copper wire —The advantage of it is that it can be 
bent in any direction required for the purpose. 

Important hints for taking swabs :-— 

(a) Sufficient assistance. 

(b) Spatula or spoon. 


(e) (iood view of the throat -use of sunlight or artificial 
light (torch or hand lamp). 

(d) Always try to take out some membrane with the 
s\\ ab. 

(e) No antiseptics in the form of gargles or spravs 
should be applied before the swab is taken. 

In cases ol laucial diphtheria, the membrane ('an be seen 
and a swab is taken from it. 

In rases of laryngeal diphtheria, however, the* best thing 
Fig. 202 . will be to take a laryngeal swab, blit tin* bacilli are also pre- 

Thro.u >»ai). M . n t in the fauces; hem e, a thorough rubbing of the swab 

over it will serve tin* purpose. In nasal diphtheria, the swab 
should be so introduced as to reach the turbinate bones, because these are 
the usual seats of membrane formation. 



.Yo/e: -Immediate inoculation oilers the best chances of success. But 
as the l\ diphtheria' resists considerable drying, successful cultures are 
obtained even after hours. 


Methods of diagnosis :— 

These include the following: — 

(1) Direct film examination (microscopical): —The organism can be 
identified from its morphological characters and a positive result is obtained 
if a large number of bacilli are present or membrane available. A presump¬ 
tive diagnosis can be given from stub an examination, particularly if the 
swabs arc taken from children suffering from acute sore throat. Xegative 
result has no value. 

(2) Cultivation:— fhe media used for the purpose are serum agar, 
Loefiler’s serum medium, Dorset’s egg medium and tellurite medium. In 
a suspected case, where a microscopical examination has failed to demon¬ 
strate the presence of the organism, cultures should always be made. After 
6 to 12 hours’ incubation, the grow th can be recognised by its characteristic 
appearance (vide supra), but it is always advisable to examine a stained 
smear. 

Xote :—In most cases, the diagnosis can be * n from microscopical 
and cultural examinations alone, but for « comp ‘-agnosis (specially in 
cases of doubt), the other methods, such as fern. ,n reaction and viru¬ 

lence test, are performed. 
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(3) Biochemical reaction: —The various fermentation reactions that are 
carried out are shown in the table below and for the sake of comparison, 
the fermentation reactions of other group of organisms are included in the 
table. 


Organisms. 

(illicnsc. 

(anlni'tnsc. 

Saccharose. ( 

Dextrin. 

C. diphtheria 1 

+ 

i * 

i ; 

O ! 

! 1 

+ 

C. hofmamii 

O 

0 

O 

O 

C. xerosis 

! + 

; O ! 

+ 

O 


-1- Acid only; n-N'o chanty*. 

(4) Guinea-pig inoculation: —This should always be resorted to in the 
diagnosis of carriers and also when C\ diphtheria* is isolated from lesions 
other than acute sore throat. The organism is isolated in pure culture by 
subculturing on to serum agar plates and then injected into guinea-pigs 
for testing its virulence (vide supra). 

Note :—Although there is a moderate leucoeytosis and hypoglyciemia, 
blood examination is of no value in the bacteriological diagnosis of diph¬ 
theria. This is because neither there is any important serological reaction 
nor can the organism be isolated by blood culture. 

SCHICK REACTION 

In the vear 1913, Bela Schick of Vienna devised this test to determine 
the susceptibility of individuals to diphtheria. 

Principle: —It has been observed that tin* presence of 1 50 to 1/20 
unit of diphtheritic antitoxin per cubic centimetre of blood gives immunity 
to diphtheria. Such an amount of antitoxin, if present, prevents any re¬ 
action after injection of 1 50 M. L. I). of diphtheria toxin. This amount 
is often present in normal persons who have acquired it from a preceding 
infection with C. diphtheria?, with or without any accompaniment of the 
disease. The newborn infant obtains it from its mother’s blood through 
the placental circulation and the immunity thus acquired, gradually and 
progressively diminishes after a year, unless it is again supplemented or 
increased by subminimal infection. Hence, the greatest incidence of the 
disease is after one year when the inherited immunity almost wears oil. 

Materials required :— 

1. The test toxin —This is the standard diphtheritic toxin of which 

0*2 c.c. is equivalent to 1/50 M.L.D. 

2. Control toxin —This is prepared by heating the standard toxin to 

7o°C. for 5 minutes. This process destroys the toxophorc group 
of the toxin molecule. 




SCHICK RKACTION 


357 


Technique: —Alter cleansing the flexor surface of the forearm with 
alcohol, 0 2 r.c. (1/5° M.L.D.) of the standard diphtheritic toxin is injected 
intradermaUy (not hypodermically), so as to raise a definite bulla. A i c.c. 
syringe with a sharp fine needle may be employed for the purpose and after 
washing it or preferably using another syringe, an equal amount of the 
control toxin (heated toxin) is injected in a similar manner into the opposite 
forearm. 

Results hour varieties ol reactions may be observed—negative, 
positive, pseudo and combined. 

(i) Negative reaction: —Ibis is indicated b\ the absence of any reaction 
on either arm. 

Remarks: —Such a result shows that the toxin is neutralised bv antitoxin 
which is present in sufficient amounts in the blood of the individual to render 
him immune to diphtheria. 

(ii) Positive reaction: —This is indicated by the* appearance of a pink 
halo around the site of the injection and the development of an oedema at the 
end ol 24 to ;b hours. On tin fourth day, the swelling becomes maximum. 
On the seventh day, the reaction gradually fades showing superficial scaling, 
leaxing a small amount ol brownish pigmentation for weeks. The control 
injection on the other arm shows no redness or swelling. 

Remarks: --These persons have not sufficient amount of antitoxin to 
neutralise the injected toxin, and hence, they are susceptible to diphtheria 
infection. 

(iii) Pseudo-reaction :—This is evidenced by an area of redness which is 
often urticarial and indurated. It appears early (within 6 to 12 hours) and 
disappears mostly by the fourth day, leaving no pigmentation. It occurs 
equally in both arms. 

Remarks: —Such a reaction is due to the presence of bacterial proteins 
in the toxin preparation. The interpretation is that the individual is immune 
to diphtheria. 

(iv ) Combined reaction (pseudo and positive) Reaction occurs in both 
arms. A pseudo-reaction in the control arm, whereas on the test arm a 
combination of pseudo and positive reactions. 

Remarks :—'I'he reaction indicates that the individual is susceptible to 
diphtheria. 

Note:— T he important readings arc the fourth day and the seventh day 
ones. The pseudo reactions will disappear mostly by the fourth day, while 
the positive reaction will persist till the seventh day. 

Value of the test :— 

1. A positive Schick test signifies that the individual is susceptible and 
requires immunisation. 

2. A negative Schick test shows individua’ .mity. It should be 

noted carefully that the carriers of virulent C. .riae always give a 
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negative Schick reaction. Thus, it may be used to differentiate carriers of 
C. diphtheria' from cases of diphtheria, for the former react negatively, 
while the latter react positively. 

3. This also provides a means of determining the virulence of an 
organism isolated from a suspected carrier. If the supposed person gives a 
positive Schick reaction, it signifies that the organism is avirulent. 

DIPHTHEROID OR DIPHTHERIA-LIKE ORGANISMS 

The term “ Diphtheroid bacilli" is applied to a large heterogeneous 
group of organisms held together by morphological and superficial cultural 
similarity and largely consists of saprophytes. They are so called because 
of their morphological resemblance to C. diphtheria*. All the members of 
this family are Gram-positive, non-motile and non-sporing bacilli. These 
are probably harmless parasites in the human and animal body. The 
organisms are widely distributed and have been found in the following 
places:—Nose and throat, eyes, urogenital tract, skin, surgical wounds, 
certain pathological exudates and lymph nodes in Hodgkin's disease. 
Thus, they are so ubiquitous in their distribution that their association with 
any specific disease must be conservatively assessed, 'file two most import¬ 
ant properties by which these diphtheroid organisms are differentiated from 
the true C\ diphtheria* are:—(i) sugar fermentation (vitlc p. 350) and (iij 
animal pathogenicity (guinea-pig). 

Corynebacterium hofmanni (B. hofmanni) 

Isolated bv von Hofmann in 1888, from throats of normal persons. 

Habitat —It is a common commensal of the throat, nose and nasopha¬ 
rynx. 

M o r p It o l g y—It is 
shorter and thicker than 
C. diphtheria*. It pos¬ 
sesses an unstained single 
transverse band which 
gives the bacillus a diplo- 
coecoid appearance (Fig. 
-c>3). 

Involution forms arc as 
a rule not met with. 

Staining reaction — 
Metachromatic granules, 
though not a characteris¬ 
tic feature, are sometimes 
encountered. 

Culture —It is a strict 
aerobe. It grows readily 
on ordinary agar. 


%■ 



Fig. 203. 

Corynebacterium hofmanni. 
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Biochemical reactions —It does not ferment any sugar, such as glucose, 
saccharose, dextrin and others. 

To.xiti prod action —It does not form any exotoxin nor any haemolysin. 

Pathogenicity — N on -p a t h oge n i c to guinea-pigs. 

Corynebacterium xerosis (B. xerosis) 

Isolated from tlie conjunctiva by Reymond in 1881 and described fully 
by Kuschbcrt and Neisser in 1883. 

Habitat —A commensal of the conjunctival sac. 

In morphology and staining reactions —it closely resembles C. diphthe¬ 
ria* (Klebs-Loefiler bacillus). It does not usually show the characteristic 
met achromatic granules. 

Culture —I'lie growth is very similar to that of (\ diphtheria?. In pri- 
mar\ cultures, colonies take some time to appear (fiver 30 hours). 

Biochemical reactions —It produces acid in media containing glucose, 
maltose and saccharose. 

Pathogenicity —It is not pathogenic to guinea-pigs. 

Corynebacterium acnes (Acne bacillus) 

Gnna, in iSoO, described this organism in the lesions ol cutaneous acnc. 
It was isolated in culture by Sabouraud in 1902. 

Morphology - It is a short thick bacillus, frequently clubshaped. 

Culture —It grows onlv under anaerobic or partial anaerobic conditions. 
An acid medium is to be preferred, such as a reaction of pH 6*8 to 6*2. 

It does not grow in ordinary agar. It has been found that broth to 
which is added 1 per cent, glucose and 1 per cent, oleic acid, the whole 
being covered with a layer ol oil, is a satisfactory medium. 

Fleming (iooc)) cmplovcd ordinary nutrient agar with an addition of 1 
to 5 per cent, of oleic acid. 

Biochemical reaction —It ferments glucose, but may or may not fer¬ 
ment saccharose. 

Pathogenicity —Pathogenic to mice bv intran* ■ : ‘<>neal inoculation. In 
man, it is supposed to be the cause of comedo, ' ..ppuration is due to 
a secondary infection by the staphylococcus. ( is a small, black- 

tipped, worm-like mass which is found on the fa- • -me persons. 
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TABLE SHOWING THE DIFFERENTIAL CHARACTERS OF THE 
ORGANISMS OF THE CORYNEBACTERIUM GROUP. 


Organisms. 


C. diphtheria' 
C. hoftnatmi 


Hiss’s serum water medium plus 1 per cent. 


Glucose. 


Maltose. 


Saccha - Dextrin “!*"* 
rose nite 


Meta- ; o X y^ cn 
chroma- : require . 

ment 

nules 


Aerobic 

1 

Aerobic 


C. xerosis 


Aerobic 


C. acnes 


Doubt¬ 

ful 


Micro- 

aeroplii- 

lic. 


1-0,1 u Toxin ratho- 

Organisms. . prnduc- goni- 

tion city 


Normal habitat and souice 


C. diphtheria ? 


+ 

(Mitis 

type) 


Parasitic in human beings; found in 
nose and nasopharynx of carriers. 


C. hofmanni 


Common commensal of throat, nose 
and nasopnarynx. 


C. xerosis 

C. acnes 


! Doub t- 
j ful 


Commensal of tlie conjunctival sac. 


In cutaneous acne, either alone or in 
association with Staphylococcus. 


+ = Positive ; - = Negative. 
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'I lu* bacilli which have* tin* power to produce spores (endospores), when 
placed under adverse circumstances, are referred to as spore-bearing bacteria. 
For further details about spore formation, ride pages s to 7. 

All the spore-bearing bacteria are (iram-positive. The whole group is 
divided into two main subdivisions. 

I. Those which grow aerobically— B. 1 ( ALLA (\E. 

II. Those which grow anaerobicalh — ('LOSTR11)11 ’M . 

BACILLACiE 

(Aerobic spore-hearing bacteria nr Spure-bearing aerobes.) 

Ibis group includes mostly saprophytes; the type species being 
Bacillus subtilis. The only pathogenic number of the group is Bacillus 
anthracis. 

Organisms belonging to this group are: — 

A. Pathogenic forms, e.g., B. anthracis (non-motile). 

B. Non-pathogenic forms or saprophytes (motile), e.g., B. subtilis 
(Hay bacillus), />. meseutericus vulgatus (Potato bacillus), B. megatherium 
(B. anthracoides or B. pseudoanthracis) and B. mycoides (Root bacillus). 
All these organisms are constantly present in the dust, foil, hay and 
decomposing vegetable materials. 

BACILLUS ANTHRACIS 

HISTORICAL: —The organism was first discovered in the blood of an in¬ 
fected cow-by Pollender in i8_p). Daraine (1850) also observed these organisms 
and recognised their true nature in the year 1863. The introduction of solid 
medium and plating methods for the isolation of pure cultures by Robert 
Koch (1875) had made it possible to obtain this organism in pure culture 
and to reproduce the disease in animals by experimental inoculation. Pasteur, 
in i8Sr, first demonstrated the prophylactic value of an attenuated organism 
by protecting sheep against anthrax. Special historic.! h, Wrest is therefore 
attached to the anthrax bacillus for the following rea- - 

(i) It was the first pathogenic bacillus to be sc !cr the microscope 

(Poll aider 1849). 

(ii) It was the first communicable infection '' experimentally 

transferred (Davaine 1850), 
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(iii) It was the first bacterium lo be grown in pure culture (Robert 
Koch 1875). 

(iv) It was the first organism in connection with the demonstration o(^ 
the prophylactic value of an attenuated vaccine (Pasteur 1881). 

HABITAT: —It is parasitic in man, cattle, sheep and other laboratory 
animals. 

MORPHOLOGY:- 

Shape —It is a thick, rod-shaped organism, with square-cut or concave* 
ends (rectangular bacillus) and thus it is in sharp contrast to the rounded 
ends of many other bacilli. 

Size —It is fairly large and is perhaps the largest bacillus of importance 
in human pathology. It measures about 5 to 8 in length by 1 to 15 fi 
in breadth. 

Arrangement —It is commonly arranged in chains (Strepto-bacillus). 
In blood and tissues, the chains are small, consisting of 5 to 10 segments, but 
in cultures, long chains are found consisting of hundreds of segments. When 
the bacilli are in chains, they touch each other only at the ends of their 
corners, leaving an oval chink between the ends of the organisms, the 
appearance resembling a rod of bamboo (big. 20-1 a). 



Fig. 204. 

Morphology of Bacillus ant heads. 
a. bacilli in chains; b, capsules surrounding the bacilli; c. bacilli 
with oval and equatorial spores. 
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SpOYes —B. anthracis is a sporing organism. The spores are never met 
with inside the body of an animal suffering from anthrax, because the bacilli 
do not sporulate as long as free access of air is prevented. An adequate 
supply of oxygen and an optimum temperature of 3o°C. are necessary for the 
formation of spores. 

The spores appear as relrartilc spots in the centre of the bacilli when 
they are examined unstained. They increase in size till they appear as oval 
structures located in the middle of the bacillary protoplasm (equatorial and 
oval spores— vide big. 204 e). They are of the same width as the bacilli and 
measure about 1*25 fi by 1 (compare the Clostridia in which the dia¬ 
meter of the spores is larger than that of the bacillary body). After the 
spores are fully formed, the residual protoplasm of the bacilli disappears and 
the spores arc left as free structures (mature spore). 

Spores represent a higlih resistant phase in the life historv of the organ¬ 
ism, so that they can surxive under conditions which are unfavourable to the 
cogitative phase. I bus, the objec t of spore-formation is to preserve the race 
in adversi circumstances. Placed under suitable conditions of warmth, 
moisture and food supply, spores germinate. The capsule of the spore 
ruptures at one pole and the protoplasm slips out of the spore capsule (polar 
germination-- t’/i/c p. 7), taking the rod-shaped form of the vegetative phase. 

Capsules —Ordinarih, no capsules are observed. A capsule may, 
however, be noted in preparations from tissues and blood of an infected 
animal. T he* capsule is continuous over the whole chain (vide Fig. 204 b). 

Flagella and motility —T'he organism does not possess any flagella 
and is devoid oi any motility. 

STAINING REACTIONS: —This organism stains well with ordinary 
aniline dyes and is strongly Gram-positive. Spores are not stained with 
ordinary aniline dyes, but may be demonstrated (Fig. 205) by any of the 
usual spore-staining procedures (vide page 29). 

CULTURAL CHARACTERS 

It is an aerobe and facultative 
anaerobe. The optimum temperature 
for growth is 37°C. It grows well in 
all ordinary media. 

On agar —The colonies are greyish 
white and form circular discs with an 
irregular wavy margin (Fig. 206). 
When examined microscopically, they 
have a “ curled hair-lock ” appear¬ 
ance (Fig. 207). These wavy wreaths 
are made up of long continuous con¬ 
voluted filaments, lying parallel with 
one another, filament represent¬ 
ing a chain .illi. 

In broi ** *wvth takes place 
rapidly, fori.. .. floccular deposit at 



Fig. 205. 

Spores of Bacillus anthracis stained by 
modified Ziehl-Neelsen method. Spores 
are stained red and the bacillary 
protoplasm blue. 
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the bottom, consisting of interwoven threads. Them 
is no uniform turbidity, the upper part of the broth 
being almost clear (cj. B. subtilis in which there is a 
scum or pellicle on the surface with uniform turbidity). 

Gelatin —In stab-culture, a characteristic appear¬ 
ance is seen. The growth appears at first as a thin 
white line' along tin* track of the needle puncture, 
lrom this, growth proceeds in line lateral spikes, 
radiating in all directions at right angles to the central 
stem. I liese spikclets are longest at the upper part 
oi the needle track, owing to more active growth in 
well oxygenated environment. The whole picture 
resembles that of an “ inserted fir-tree " (Fig. 20S). 
Later, liquefaction 01 curs, commencing from the top 
of the growth and gradually spreading down the stab, 
until tin* whole ol the gelatin is liquefied. 

BIOCHEMICAL REACTIONS: — B. anthracis 

ferments glucose, saccharose and maltose with the 
production of acid but no gas. 

Little or no hiemoKtir action is exerted on a blood 
agar plate. 

Antagonism between Pseudomonas aerugi * 
nosa (B. pyocyaneus) and It. anthracis:— The 

former has a destructive influence on the growth of 
tlu lattet, w hen alloweo to grow together. “P\oc\- 
anase, a ferment-like body, which can be isolated from 
cultures of IV mruginosa, is found to possess curative 
and preventive properties against anthrax infection. 

Fig. 206. 

Surface colonies of 
B. anthracis on agar. 

RESISTANCE: — Vegetative 
forms of anthrax bacilli an* even 
less resistant than those of other 
non-sporing bacteria. An ex¬ 
posure for ten minutes to a tem¬ 
perature of 55°C. is sufficient to 
kill the bacilli. Resistance to 
disinfectants is also poor, an 1 
per cent, solution of carbolic acid 
quickly destroying the bacilli. 

Spores arc, however, ext rein *lv 
resistant to physical and chemical 
agencies. 

Drying —The spores, parti¬ 

cularly when dried, are very 



Fig. 207. 

(irowth of H , anthracis on agar. Note the 
curled hair-lock appearance of the growth 
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hardy and may remain alive for years under adverse 
circumstances. Thus, it can remain viable for 12 to 15 
years in a dry soil. 

Sunlight —Direct sunlight destroys anthrax spores 
within 6 to 12 hours. 

Heat —Moist heat is much more effective than dry 
heat in killing spores. Boiling in water kills them in 
10 minutes and an exposure to live steam at ioo°C. 
kills them in 5 to jo minutes; whereas dry heat at 
i4o°C. requires an exposure of 3 hours to destroy them. 

.\nliscplics — Phenol, in 5 per cent, solution, is not 
u \erv effective disinfectant for killing spores, as some 
strains may retain their viability even after an exposure 
for 0 weeks. ('orrosive sublimate, 1 in 2,000, kills 
most strains in 40 minutes. Formalin is one of the 
most potent disinfectants against anthrax spores, 
having a selective action on them. It is, therefore, 
largvlv employed in the treatment of intccted animal 
products, site'll as wool and hides. 

Table showing resistance oi B. ant bracts—riJe 
page 

VIRULENCE: —Virulence of a particular strain may 
be lowered or increased in various ways. The lowering 
of the \ irulcnec is effected In the following means: — 

(i) Bn heating the bacilli to 55°C. for 10 minutes. 

(ii) By prolonged cultivation (12 to 24 days) at 
a temperature of 42 C. (Pasteur used such an attenuat¬ 
ed strain for his prophylactic vaccination ol cattle and 
sheep). 

(iii) B\ growing the organisms in a medium con¬ 
taining weak disinfectants, such as phenol 1 in Noo. 



Fig. 208. 

(ielatin stab culture of 
H. ant time is, showing 
the inverted fir-tree 
appearance of the 
growth. 


Attenuated .strain* m> produced may never regain the power to produce 
spores and thus nonsporc-forming races may be evolved. Once the virulence 
is reduced, the new grade of virulenee remains fairly constant. 


The increase of virulence may be brought about by repeated passages 
through susceptible animals. 

TOXIN PRODUCTION: —Neither endotoxins nor exotoxins have ever 
been satisfactorily demonstrated in cultures of B. anthraeis. Neither culture 
filtrates nor dead bacilli have any noticeable toxic i licet when tested on 
laboratory animals. 

SEROLOGICAL REACTIONS:— Prccipitins md in the immune 

sera and are useful for diagnostic purposes. An .. f an infected organ, 

such as the spleen, contains a substance derived 'he bacterial bodies 
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and this interacts with the precipitin in an anthrax immune serum, yielding 
a precipitate. The immune substance derived from the bacterial bodies is 
not destroyed by heat, boiling, antiseptics nor even by putrefactive changes. 
It is for this reason, that it serves as a very good diagnostic test for dete r¬ 
mining whether a suspected animal died of anthrax infection. This has 
given rise to AscolPs thermoprecipitin reaction. 

The principle of the reaction depends, as stated above, on the formation 
of a precipitate, when the percipitinogen in the bacterial body is mixed with 
the precipitin contained in the immunised serum. As the precipitinogen is a 
very stable substance, not affected by boiling, antiseptics and decomposition, 
it is conveniently obtained from the spleen of the infected animal by boiling it 
in saline. 

Technique :—A piece of spleen from the suspected animal is boiled with 
about ten times its volume of normal saline. This is allowed to cool and 
then filtered. The filtrate is collected in a clean test tube and some immune 
serum is carefully introduced, by means of a pipette, into the bottom. If a 
progressively deepening ring of turbidity appears at the junction of tin- 
liquids, the reaction is positive and the infection is proved, ll no such 
precipitate forms, the reaction is negative and the animal did not die of 
anthrax infection. It may he pointed out that this test is uselul only after 
the animal is dead. 

ANIMAL INOCULATION: —Of the animals commonly used in the 
laboratory, mice, guinea-pigs and rabbits are the most susceptible to 
infection by B. anlhraeis on subcutaneous inoculation. The tissue of the 
body most susceptible to anthrax infection is apparently the skin and the 
conditions for occurrence of inlection are specially favourable when the 
organisms are inoculated into the skin (Besrcdka's observation). 

The susceptibility of mice, guinea-pigs and rabbits varies in the order 
named and this fact can be utilised to judge the virulence of a given strain 
of anthrax bacillus. If all the three animals die, it is highly virulent ; if 
mice and guinea-pigs succumb but not rabbits, it is of moderate virulence; 
if only the mice die, it is of low virulence. If a strain fails to kill all the 
three animals, it is devoid of any virulence. This meth >d of testing the 
virulence of a strain is utilised in the* preparation of Pasteur's vaccine. 

Subcutaneous inoculation of fuky virulent bacilli into susceptible animals 
(mice or guinea-pigs) produces a fatal result within 48 hours. 

Post mortem examination reveals the following :— 

Local —At the site of the inoculation, an intense inflammatory (edema 
with haemorrhagic exudations is seen. Numerous bacilli are found on 
microscopical examination. 

General —The internal organs are congested and hamorrhagic spots are 
frequently present on serous membranes. The bacilli are found in large 
numbers in the internal organs, specially in the spleen, liver and kidneys. The 
spleen is particularly involved and is found to be very considerably enlarged 
(about 8 to 10 times). It is congested, soft and diffluent, containing enormous 
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numbers of bacilli (Fig. 209). Owing to such marked changes in this organ, 
the disease is often called “ splenic fever.” In the liver, the bacilli are 
present in large numbers inside the capillaries and in the kidneys, they are 
markedly found in the glomeruli and the intertubular capillaries. 



Fig. 209. 

Photomicrograph from a section cf spleen of a guinea-pig. 
dead of anthrax septicaemia. Note the presence of a 
large number of ll . nnthracis in the splenic pulp. 

Susceptibility of animals to B. anthracis :— 

JYry susceptible —Ox, sheep, guinea-pigs and mice. 

Less susceptible —Horse, pig, goat and deer. 

Almost insusceptible —Birds, fish, reptiles and cold-blooded animals. 

Highly immune —Algerian sheep and adult carnivora. 

PATHOGENICITY 

Anthrax belongs to that group of diseases which occur primarily in 
animals and only secondarily in man. 

Animals: —Anthrax is primarily a disease of the herbivora, occurring 
epizootically, chiefly in cattle and sheep (except the Algerian sheep), and is 
of world-wide distribution. The disease is very virulent in these animals in 
which death occurs with great rapidity. It is usually one of the acute septicae¬ 
mias and on account of the great enlargement of the spleen (the most marked 
post-mortem finding), the name “splenic fever” w.. .. Aen to the disease. 

Mode Of infection: —The infection in animal. .< place chiefly by the 
alimentary canal, through the ingestion of s»~ - along with fodder. 

The vegetative bacilli are destroyed 4 >y the gastr , whereas the spores 

remain alive. It has been suggested that damat . he mucous membrane 
is essential in anthrax infection and this is effectc ' rticles of indigestible 
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vegetable matter. In the intestines, the spores develop into vegetative forms, 
multiply and invade the system. Cutaneous infection, similar to that in 
man, may also take place in animals, hut this variety of lesion is much less 
common than the preceding. 

Spread of the disease in nature results from the ingestion of spores 
during feeding, the transmission among animals being effected by the 
agency of the excreta or unburnt carcasses of infected animals. The 
haemorrhagic discharge that comes out of the mouth, nostrils or the anus of 
an infected animal contains large numbers of anthrax bacilli which fall upon 
the ground and undergo sporulation. The spores may remain in the imme¬ 
diate vicinity or may be scattered by rain and winds over considerable areas 
and thus infect the pasture. The spores may remain alive in this condition 
for many years and the pasture is infected more or less permanently, so that 
animals cannot graze on it without the risk of infection. Crows and luxes 
may also serve to disseminate the disease by feeding on infected materials 
and discharging the spores in their excreta. If the animal’s body is deeply 
buried unopened, the bacilli cannot spondaic in the* anaerobic environment 
to which the burving-process subjects them. The vegetative forms rapidh 
degenerate and die in buried carcasses. Pasteur suggested that earthworms 
might bring spores to the surface in their casts from the buried care-asses 
of infected animals and may help to spread the* disease; but the* danger from 
this source is practically very little’. When a post mortem examination has 
been performed, there is a great danger of spreading the disease- from the 
dead body. 

Man :—The human being occupies an intermediate petition between 
the highly susceptible animals (cattle- and sheep) and the relatively immune 
animals (dogs, cats and birds). Man seems te> be relativeh insusceptible- to 
anthrax infection. The disease is always communicated to him from animals 
and is the result of handling infected carcasses, skins or wools. The disease 
is met with in the following persons:—butchers, veterinary surgeons, 
shepherds, those who sort wools or hairs and those whe> work e>n or cany 
hides, e.g., glove makers, tanners, porters, blanket makers, etc. Infection 
has also resulted from the use of unsterile or improperly sterilised shaving 
brushes and tooth brushes, the bristles of which have come from infected 
animals. 

The disease manifests itself in various clinical types which usually 
terminate in septicaemia. The clinic d typt-s are: — 

1. Culaneous anthrax —It is also called malignant pustule or hide- 
porter’s disease or charbon. 

2. Pulmonary anthrax or wool-sorter’s disease. 

These tw r o are the main types. 

3. Intestinal anthrax —a rare form. 

Cutaneous anthrax (Hide-porter’s disease f Malignant pustule or char - 
bo?i )—The infection usually occurs through some small abrasions or 
scratches through which the spores gain entrance. The seat of inoculation 
is usually some exposed part of the body, such as the face, hands, forearms 
and the back of the neck and shoulders (a common place for hide-porters). 
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Within 12 to 24 hours after inoculation, a small red painful furuncle appears, 
which lesembks at hist an ordinary small pimple. This soon becomes 
vesicular, containing blood-stained fluid and is rapidly surrounded by an 
area of intense congestion. Sooner or later, the centre becomes necrotic 
and black in colour, surrounded by an angry, red, oedematous area, leading 
to the formation ol the malignant pustule proper (charbon, a live coal). The 
typical picture of a malignant pustule (Fig. 210) appears as follows: — 

(i) a black esrhai of irregular shape in the centre, surrounded by 

(ii) a rin^j of vesicles, this in turn being surrounded bv 

(iii) congested and (edematous area. 



Fig. 210 . 

A typical picture of a case of mail gnu.. 
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The bacilli are found at the periphery of the eschar and also in the 
ring of vesicles. 

Along with tile formation of the malignant pustule, there is a wide¬ 
spread oedema of the part with the involvement of the proximal lymph nodes; 
there is usually fever with general malaise. 

In favourable cases, the lesion undergoes healing, the eschar becomes 
a scab, the inflammation subsides and recovery takes place. In other cases, 
the pathological process spreads further, till invasion of the blood stream 
occurs. Once a definite septicaemia has been established, death is the rule. 

Pulmonary anthrax (I \\nrf-sorter's disease )—Infection occurs through 
inhalation of spores contaminating dust, or threads of wool, hair 
or bristles of animals dead of the disease. These materials were contaminat¬ 
ed with the discharges containing the bacilli which have undergone spol¬ 
iation. Symptoms resemble those of pneumonia. The parts primarily 
affected are the lower part of the trachea and the large bronchi. The 
mucous membranes become swollen and intensely congested; there are often 
haemorrhages. 'These ultimately break down and form small ulcers. The 
tissues around them become much (edematous and congested. The neigh¬ 
bouring lymph nodes, mediastinal and bronchial, are cnormoush enlarged 
and congested. Lungs show congestion, (edema and collapse. Pleural 
and pericardial effusions are often present. A state of septicaemia generally 
precedes death. 

Intestinal anthrax:— The mode of infection in this form is by the alimen¬ 
tary route and occurs through the ingestion of infected meat and food. 
The usual heat employed for cooking or even canning does not necessarily 
kill anthrax spores. This form of infection is rare, but when it occurs, 
death is the rule. The clinical picture which follows is that of a violent 
haemorrhagic enteritis with luemorrhagic stools and great prostration. 

Note :—Cases have been reported in which a hiemorrhagic cerebrospinal 
meningitis has occurred as a complication in various primary lesions. 

Mode of action of B. anthracis: —The precise cause oi death in 
anthrax is still uncertain. It is possible that mechanical means, such as 
capillary obstruction, may be a factor, but this cannot explain the whole 
picture which follows a course resembling that of toxiemia of great inten¬ 
sity. But neither a true exotoxin nor an endotoxin has ever been satis¬ 
factorily demonstrated for anthrax bacillus. Hence, the exact mode of 
action of B. anthracis cannot be stated definitely with our present know¬ 
ledge. 

THERAPEUTIC CONSIDERATIONS 

Vaccines: —This is largely used as a method of prophylaxis for sheep 
and cattle. It was found that dead cultures were useless in producing an 
immunity in animals, whereas even minute quantities of virulent strains 
w r ill produce death in susceptible animals. This led Pasteur to take resort 
to attenuated cultures for the production of active immunity in animals. 
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Pasteur’s method of producing active immunity in sheep and cattle 
consists in the use of two strains of living - cultures of varying degrees oi 
attenuation, which is accomplished by a prolonged cultivation of the bacillus 
at a temperature of 42°U. in broth. 

Ao. I vaccine, ('ailed “ Premier ” vaccine, is a weak one. The attenua¬ 
tion oi this strain is brought about by growing an originally virulent strain 
at 42°C . lor 24 days. 1 his attenuated culture is found to be non-virulent 
to guinea-pigs or rabbits, but potent against still more susceptible animals, 
such as mice. 

\(f. 7 / vaccine, ( ailed “ Denxieme ” vaccine, is a stronger one. Attenu¬ 
ation is brought about by growing the virulent strain at a temperature of 
42°C . lor 12 day s. Such an attenuated strain is found to be virulent to 
guinea-pigs and mice*, but not to rabbits. 

I 4 orty-cight hours’ broth cultures <>! these attenuated strains are em¬ 
ployed, using the No. 1 (weak) \aceinc first, followed later bv No. II 
(stronger! vaccine. I he injections are given subcutaneously at an interval 
of 12 days. The dose for “Premier” vaccine for cattle is 0*25 c.c. and for 
sheep about half the quantity. 

The immunity developed lasts for about a year. This method of pro¬ 
phylactic - inoculation in cattle and sheep has reduced the mortality to a great 
extent. Before the use* of this vaccine, there was a high mortality amongst 
cattle (5 per cent.) and sheep (10 per cent.) in France, but with its introduc¬ 
tion, the figure has come down to 1 per cent. 

Antivirus: —Besredka put forward his hypothesis on definite experi¬ 
mental grounds, that the only route of infection in animals is the cutaneous 
one and unless the latter is infected, the inoculated animal will not suffer 
from the disease. According to him, the cutaneous receptor cells are all- 
important in determining the infection. These cells can be effectively 
immunised by suitable means and thus the animal can be solidly* protected 
against anthrax. This specific local immunity may be obtained by applying 
first an attenuated and subsequently a moderately virulent, broth culture 
on the shaven abdominal skin of a susceptible animal. In this way, very 
marked protection is conferred to the animal. Such cultures are called 
anthrax antivirus. Animals which are protected in this way do not develop 
any antibody in their blood. 

Serum: —This is a variety of curative serum containing - antibacterial 
substances and is extensively used therapeutically with success. There are 
manv varieties of such curative sera in the market, obtained from horses, 
sheep and oxen, but Sclavo prepared the serum from donkeys (Sclavo’s 
Serum). In an early case of malignant pustule, 2 • injections of 20 to 

30 c.c. of the serum subcutaneously or intramuscuk. .All cause the pus¬ 
tule to localise and heal up rapidly. In an advano ■*, however, bigger 

doses and frequent administrations by intravenous are indicated, 
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LABORATORY DIAGNOSIS OF ANTHRAX 

This mav be considered under f w «> hendv antemortem and pn s t mom 

Antemortem diagnosis ♦ i.«.. dm mg tin <<>tiisr ot din, SN . 

diagnosis depends on the finding <>J tin « au^.i!i\i organism and its tsolaii,,. 

pure culture bv cultural ami anmui rnt>< uLir***n methods. f n ,, , <ISI #l 
malignant pustule , the In-st material lot in a Inti «• m rum Imin ,, 

vesicle. If no vesicle is obtained, tin l< moo >}nmld In i ,'»nt/\ >* raped ;tn(: 
scrum allowed to exude, '/'lie latter contains mans ba< dli and ma\ he < nlle , f, ,| 
r, )r examination. In pulnumarx unthms, Imunri, the organism s lnnihi In 
sought for in the sputum. In late stages <>! both the rasrs, blood ru/ftm 
mav yield a positive result, for which large quantities, mi. h as j<, c.< ,,t 

blood should be taken. 

Methods 

I. Staining methods —The films made from Mich a material ma\ he 
stained with methylene blue and by (iram’s method and the characteristic 
morphology studied. It should be remembered that tlu* chains are never 
long, and may consist of only 2 to 3 bacilli. 

II. Cultural methods —A loopful of tlu* material should be inoculated 
into nutrient agar and broth media and the growth characters ma\ be studied 
after 24 hours’ incubation. The spore formation, the character ot the growth 
in a gelatin medium and motility are important points for observation. 

III. Animal inoculation methods —The examination should not be con¬ 
sidered complete unless the material is inoculated into a susceptible laboratory 
animal. The inoculated animal will die of septicaemia in 4 to 4 daws’ time 
and the organisms can be identified in the smears from spleen or liver. 

Commonest contamination and how to eliminate it:—I lie common sapro¬ 
phytic organism with which B. anthraeis is likely to be confused is 
B. subtilis. The latter, as has already been stated, is frequently present 
in the dust, air and decomposing vegetable and animal matters and hence, 
any skin lesion is liable to contain it as a secondary contaminating orga¬ 
nism. In this way, an ordinary furuncle or ulcer, caused bv the common 
pyogenic cocci, may be wrongly diagnosed as a case of malignant pustule. 
Under such circumstances, mere morphological features and staining re¬ 
actions may not be conclusive and the only reliable methc d to overcome the 
difficulty will be the pathogenicity test. B. subtilis, when inoculated into 
a guinea-pig, will not produce any fatal result. 

How to send materials to the laboratory from a distant place :—A word 
may be said here about the method of sending materials for examination from 
distant places where requisite laboratory help is not available. A very simple 
method is to soak a few sterile silk threads in the serous exudate and after 
they are dry, they may be put into a test tube and sent to the laboratory. 
Another method is to put a few drops of the material on a clean slide or 
earthenware and allowed to dry on it after which it may be carefully packed 
and sent over to the laboratory. In this wav, although the vegetative bacilli 
may die, spores will form and survive during the transit. In the laboratory, 
this dried silk.or material on the glass slide or earthenware should be trans¬ 
ferred to nutrient broth where the spores will germinate and multiply. 
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Post mortem diagnosis, i.c., afte r the animal is dead »f the disease: — 

I Demonstration and isolation of the causative organism (for methods 
vide supra)- -Tin- >>< s ' material for this purpose is obtained from the spleen. 
Inoculation ml" mice or numea-pi^s must alwavs be done to confirm the 
diagnosis. I hi same pmeedure is recommended when the material is to be 
sent over t" a distant labomtorv lor bacteriological diagnosis, usin^ spleen 
juice, blood from a v.in *>i b;emorrbat,d<- exudate in the Ivmph node or even 
n pict c I r< >in T In « ni . 

11. Ascoli’s thermo-precipitin reaction- l his is yen useful in the post 

f ,->rtem diagnosis 1.1 atithtax. I In prim ip!e and technit|ue of the test 
h;i\c aln a< 1 \ Im • n de^i i ibrd on p. 

Disinfection 

\\ lu n an animal has dud ui anthrax or is suspected to have died of such 
,in infection, it is always ".air nut tu b»>ld any post mortem examination on 
the * an ass. \ 111 i 1«■ blond »»i* split n nr inland jui< r nr a piece from the ear mav 
he taken h«r ha< l* riolng m ul diagn* >sis and tin* entire carcass disposed of in 
su< li a way that tin inttttion may not spread, Thi best method of disposal is 
t<» hunt it. It that is nut possible, tin- entire carcass niav he buried deep in a 
pit w ith plenty u| (|ui* k linir all mimrl the hndv. 

It is nisi) impurtant tu disinm t carelully all tudder which mav have been 
cuntaminated with the discharges hum the nostrils and anus of the diseased 
animal. "I hey should al! he burnt away. The plaee where the animal is 
stalled, should also he thonmghly disinfected, cither with bleaching powder 
solution or strong bichloride of niiTain . The walls of the stall should be 
lime washed. 

When a surgeon operates on a case of anthrax infection in man, all con¬ 
taminated articles, such as dressings, instruments, bowls, etc., should be 
discarded and burnt or thoroughly disinfected. The case should be segre¬ 
gated at a safe distance from other surgical cases, for fear of spread of the 
infection. \ separate set of instruments and dressing' equipments should 
be provided for such a case and the wound should be handled only with 
gloved hands. After dressing, the gloves and instruments should be boiled 
for half an hour and kept in a strong solution of bichloride of mercury or 
lysol. 

C heap and improperly sterilised shaving brushes sometimes act as sources 
of infection and such articles should be properly disinfected before being used. 
This ma\ be effectively done by soaking them in a strong solution of formalde¬ 
hyde, bichloride of mercury or lysol for a long time. 

PSEUDO-ANTHRAX BACILLI 

These are aerobic spore-bearing organisms which »re liable to be con¬ 
fused with the pathogenic member of the group wthracis. For the 

differentiation, a table is appended on page 374. TL. nanisms are sapro¬ 
phytes and represent a large number of species, t» • _»»rtant ones having 
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already been mentioned on p. 361. They are ubiquitous in distribution, being 
found in milk, water, soil and dust, and are thus met with as contaminating 
organisms of culture media. For the consideration of these organisms in 


detail, the reader should 


Morphological: - 
Motility 

Capsule 

Chain formation 

Cultural characters :— 
Broth 

Gelatin stab culture 

Serological :— 

Ascoli’s thermo¬ 
precipitin reaction 


consult higher works. 


B. anthracis. 


Yerv well marked. 


No turbidity; floeculcnt 
mass at the bottom. 

Inverted fir-tree like 
growth; slight lique¬ 
faction at the upper 
part only. 


Pseudo-anthrax bacilli. 


Contains about 4 to 1: 
peritrichous flagella. 


Not well marked. 


Uniform turbidity. 

Fir-tree growth is not 
typical; in a r k e d 
liquefaction. 


Doubtful; positive only 
in a very low titre. 


+ + 


Pathogenicity :• 
Guinea-pig 


o = Nil; + -Positive. 
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SPORE-BEARING ANAEROBES 


(CLOSTRIDIA) 

Definition:- -Anaerobes arc organisms which arc unable to grow in the 
presence* of oxygen and tin* absence oi which forms an essential condition 
for their cultivation. All these organisms possess endospores which are 
situated either at the Centre (equatorial) or at the ends (terminal) or near 
the ends (subterminal). Another characteristic feature of this group of 
organisms i* that the spores are always wider than the* vegetative bodies, 
hence the} are called ‘’C lostridium" forms. 

Classification of the Clostridia: — A. These organisms are usually 
classified from the nature and position ot their spores and their action on 
proteins and carbohydrates. According to the latter property, they may be 
divided into two main groups as follows: — 


Proteolytic 


S&cch&rolytic 


i. Clostridium t* t;mi -.Spliuual ami ter¬ 
minal spun-. 

• liutulinum 

‘'porn^enev ()\a! and 

subt«rminal 

\. ,, histnlytiium 

5. ,, aerofvvtidum 


i. v. ui-Mi maim w num 


d- 

5 - 

t>. 


8 . 


septique 
adematien: 
fallax 
chauvoei 


| Oval and 
} subterminal 
spores. 


tertium—Oval and termin¬ 
al spore. 

tetanomor- x Spherical 
phum I and 

j terminal 

sphenoides * spores. 


This division merely signifies that the members of a particular group 
show a special action for that particular substance and it should not be applied 
too rigidly, as some of the saccharolytic group may have a proteolytic action 
and vice versa. 

B. The following is, however, a list of the organisms based on their 
pathogenic properties 

I. Organisms causing tetanus in man and animal —CL tetani. 

Allied non-pathogenic organisms — CL tetanomorphum, CL sphe - 
noidcs, Cl. tertium, CL cochlearium. 

II. Organism causing botulism (food poisonim 


hotulimnn. 
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III. Organisms related t« gas gangrene— 

(a) Definitely pathogenic —CL welchii, Cl. wilcmaliens, Cl. septiquc. 

(b) Less pathogenic— Cl. falhix, CL histolyticinn. 

(c) Not pathogenic by themselves—( 7 . sporogcnes, ( 7 . ucrojn lidum , 

CL bifermentans. 

IV. Organism causing “quarter evil” (black leg or symptomatic an¬ 

thrax) in cattle— Cl. chauvtvi. 

Habitat: —T hey are widely distributed in nature where they exist as 
saprophytes. The primary habitat is the soil from which they are invested 
by men and animals in whose intestinal canals they establish either a tem¬ 
porary or a permanent abode. For instance, Cl. welchii is always present 
in the human fieces and Cl. tetani in the cow and horse dung. The spores 
are always present and remain alive in the soil, specially when the latter is 
contaminated with human and animal excreta. Highly manured agricultural 
areas, garden soil, thoroughfares of large cities where animal-drawn vehicles 
are numerous and similar other places are particularly rich in these bacteria 
and their spores. 

Morphology :— 

Size and shape —-These organisms are very pleomorphic. They are 
usually large, rod-shaped bacilli, varying in length from 3 to S n . 

Spore formation —It has already been mentioned that endospore forma¬ 
tion is very characteristic of this species. 1'hese spores arc always wider 
than the vegetative bacilli and, by their position in the bacterial body, they 
confer a characteristic appearance to the organisms. 

(i) When the spores are situated at the centre (equatorial), the bacilli 

become spindle shaped, e.g., Cl. bifermentans. 

(ii) When the spores are subterminal, the bacilli become club shaped, 

e.g., Cl. botulinum, Cl. sporogcncs, Cl. welchii. 

(iii) When the spores are oval and terminal, the bacteria assume a 

“tennis-racket” form, e.g., Cl. tertium. 

(iv) When the spores are spherical and terminal, the bacteria assume 

a “drum-stick M form, e.g., Cl. tetani. 

All the pathogenic members of this group can form spores in the animal 
body (Cf. B. anthracis, which do not form spores in the animal body). 

Flagella and motility: —Nearly all the members of this group are motile 
and possess numerous pcritrichate flagella, with the exception of Cl. welchii, 
Cl. bifermentans and Cl. tertium. The motility of these organisms is some¬ 
what slow and sluggish, as compared with the very rapid movement of Ebcr- 
thella typhi. 

Capsule formation.: —Only Cl. welchii possesses a well marked capsule 
which is most marked inside the animal body. Others have no capsule. 
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Staining reactions: —All the organisms of this group are Gram- 
positive. They may also be stained with other aniline dyes. Special stains 
are necessary to demonstrate the tlagella, the spores and the capsules (vide 
chapter II). 

Cultural characters: —They can be cultivated both in liquid as well as 
in solid media, but for isolation, the latter are necessary. The following 
media are suitable for their cultivation: — 

(i) Glucose agar. 

(ii) ( oagulaled scrum ami egg —These media are particularly used to 
test the liquefying action of the proteolytic group. 

(iii) Blood agar. 

(iv) ('ooked meat medium —The organisms which grow in this medium 
will either digest the meat and turn it black (proteolytic group) or turn it 
pink without any digestion (saccharolytic group). 

Noth:— Colonial characters are best studied in surface cultures, shake 
cultures or stab cultures. 

Character of the colonies: —The anaerobic bacteria, when growing on 
the surface, produce colonies which vary widely in their characters. For a 
novice, it is difficult to distinguish these organisms by these characters 
alone, but in the hands of an experienced worker, the colony formation 
constitutes a very important method of differentiation. For those who 
would like to study this subject, the following points would be undoubtedly 
very helpful in the study of the colonial characters of the important 
organisms associated with gas gangrene. A magnifying glass is essential 
for this study. 

In the c ase of organisms of gas gangrene:—• 

(i) Colonies which have a round or slightly wavy margin and which 
remain superficial without any tendency to penetrate deeper into the sub¬ 
stance of the medium. 

When they are opaque, they are ( 7 . u'elchii. 

When they are translucent, they are ( /. tertium. 

(ii) If the crcnations of a somewhat round colony are very much 
exaggerated, so that a fern-like appearance is produced, it is very sugges¬ 
tive of (' 1 . septique. 

(iii) When the growth is somewhat wooly and tangled, with processes 
dipping into the substance of the agar, like the roots of a plant, it is very 
suggestive of ( 7 . sporogeues. 

In the case of the Cl. tetani, the growth tends to spread over the 
whole surface as a thin layer with irregular edges, \x. .cabling the growth 
of Proteus vulgaris (B. protcus). 

The growth of ( 1 . holulinum —The surface co>' ire iarge, trans¬ 
parent and filamentous with a granular surface and ed edge. 
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Metabolism :— 

1. They require an anaerobic condition for their growth. 

Note: —These organisms, however, like any other living things, require 
oxygen for their life and metabolic activity. This they obtain by breaking 
up the complex constituents of the medium and utilising the oxygen which is 
liberated by such chemical decomposition, instead of directly obtaining it 
from the atmosphere. 

2. They produce strong haemolysins and therefore haemolysis is well 
marked in blood agar medium. 

3. During their growth, they produce much gas, even in media which 
are free from all fermentable carbohydrates. The gas consists of CO.,, H 
and H 2 S in varying proportions, according to the nature of the organism and 
the medium used. 

4. In the case of the saccharolytic group, there is production of much 
organic acid (butyric acid), whereas in that of the proteolytic group, ammonia 
in large quantities is evolved. The relative importance of these decomposi¬ 
tion products will be discussed later (vide infra). 

Biochemical reactions :— 

Proteolysis —The substances used for the study of the proteolytic action 
are peptone, gelatin, casein (milk), serum, egg-white and fibrin. The 
organisms which possess a slight proteolytic action cannot attac k the higher 
proteins, such as fibrin, egg-white and serum. 

Saccharolysis —Litmus milk and various sugars are used for this purpose. 
In litmus milk, however, the saccharolytic group produces acid and varying 
amounts of gas with clot formation, whereas the proteolytic group digests 
the milk with the production of an alkaline reaction. 

Resistance: —All the members of this group are very resistant to dry¬ 
ing, heat and disinfectants. For instance: — 

(a) The spores of Cl. tetani may remain alive in the dried earth for 
many years. 

(b) The spores of Cl. botulinum withstand boiling for 3 to 4 hours. 

(c) The spores of Cl. sporogenes may survive exposure to a 5 per cent, 
carbolic acid solution for more than a week. 

Toxin production: —All the members of this group produce very 
powerful soluble extracellular toxins which, on injection into susceptible 
animal^ give rise to the corresponding antitoxins, capable of being neutra¬ 
lised by the toxins. The latter may have, in some cases, a specific action on 
certain tissues, e.g., botulinus toxin on parasympathetic system, tetanus 
toxin on the central nervous system, and so on. In addition to this, they 
produce powerful “aggressins which help them to flourish in the infected 
tissues (vide pp. 39, 103). Some of them also produce powerful luemolysins. 

Serological reactions:— Agglutinating sera have been prepared against 
the various members of the anaerobes, and these have been utilised in sub¬ 
dividing a particular species into several strains. It is to be noted that, like 
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the coli-t)phoid group of organisms, the motile species of the anaerobes 
contain both the thermolabile H or flagellar antigens and thermostable O 
or somatic antigens. 

As most of these organisms possess a powerful exotoxin, antitoxic sera 
have been prepared against them and particularly against Cl. tetani, Cl. 
botulinum, Cl. wclchii and some others. These are employed as therapeutic 
and prophylactic measures with much success. 

Pathogenicity : I he production of the pathogenic effects depends 
entirely on their toxin production. Under ordinary circumstances, these 
oiganisms are probably unable to grow in the healthy tissues which are 
directly exposed to the air. I here must be available some suitable condition 
for their growth, multiplication and toxin-production; the latter is then ab¬ 
sorbed into the system and produces the pathogenic effects. Such a condi¬ 
tion may be obtained in lacerated and infected wounds which result in a 
large amount of tissue necrosis. \\ hen such dead and necrotic tissues pro¬ 
vide a condition of anacrobiosis, the bacteria find a suitable nidus for growth 
and manufacture of toxin in the local area. Thus, it will be seen that the 

effect of an anaerobic infection is a typical example of intoxication (sap- 

rmnia). 

It requires a little explanation as to the reason why dead, necrotic and 
infected material favours the growth and multiplication of these bacteria. 
During the course of an infection in a lacerated wound, many common pvo- 
genic bacteria are implanted along with the spores of the anaerobic organ¬ 
isms. At the beginning, the former rapidly multiply and in their growth, 

they use up a very considerable amount of oxygen. Besides, they also help 
in the necrosis of the lacerated tissues. Thus, the anaerobes get a chance to 
grow in this necrosed tissue under a condition of diminished oxygen supph. 
Another very important factor introduced in such a condition is the effect of 
the toxins of some of the anaerobes, e.g., Cl. wclchii and Cl. septique. The 
extracellular toxins of these bacilli, when present in the wound even in very 
low concentrations, prevent, by their aggressins, the approach of the phago¬ 
cytic cells and thus allow the organisms to multiply and grow without any 
check. Although the main effect is due to the extracellular toxins which 
are absorbed from the infected wound, there is always some tendency for the 
organisms to penetrate and invade the deeper tissues of the host, specially 
towards the end. In experimental animals, the pathogenic anaerobes in¬ 
vade tin* internal organs very rapidly and may be recovered from their blood. 
But in the case of the average human infection, they remain mainly localised 
in the wound and, only in fulminating cases, may spread rapidly into distant 
areas and occasionally invade the general blood stream. The important 
diseases c aused by the various pathogenic anaerobes in man are tetanus, 
botulism and gas gun grime. 

ANAEROBIC METHODS 

It must be remembered that all the ordinary cult’” - media contain some 
oxygen after their preparation and, when left in a. with the air, they 
will absorb more from the atmosphere. Hence, it - • essary to devise 
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special methods to make the culture media tree Irom oxygen. I his is <;ir 
ried out as follows: — 

1. Vacuum. 

2. Displacement of oxygen (Bulloch's jar). 

j. Absorption of oxygen—chemical mentis (Buchner's tube), com¬ 
bustion (McIntosh anti Fillies' jar) ami biological means. 

4. Reduction of oxygen (deep glucose agar, Xoguchi's medium, 
Robertson's cooked meat medium). 

1. Vacuum: —During the early days, anaerobic conditions were ob¬ 
tained by means of an ordinary vacuum pump. The culture tubes wire kept 
inside a bell jar, the rim of which was hermetically sealed and from which 
all the air was pumped out. Although it served the purpose of the pioneer 
workers, it was soon found that a perfect vacuum could not be obtained. 
Hence, this method was replaced by others. 

2. Displacement Of oxygen: —In this method, the oxygen in the 
culture tube is expelled by passing an inert gas for a prolonged period, till all 

the oxygen is completely replaced by the latter, 
so that the culture medium is now surrounded 
by an atmosphere of the inert gas. In com¬ 
mon practice, hydrogen gas is used and is 
obtained from a Kipp’s apparatus. A simple 
device is found in what is known as Bulloch’s 
jar. (Fig. 211). 

3. Absorption of oxygen:--! his may 

be obtained in three ways:—(a) Chemical 
means, (b) combustion method and (c) biologi¬ 
cal or bacterial means. 

Chemical means —In this process, such 
chemical reagents are employed as are capable 
riB oi absorbing large quantities of oxygen. 

Bulloch’s anaerobic apparatus. L\suaHy, the chemicals employed are caustic 

soda and pyrogallic acid. When the two sub¬ 
stances are mixed together, an alkaline solution of pyrogallol is produced 
which has the remarkable properl\ of absorbing large quantities of free 
oxygen. At first, such a solution is of a light straw colour, but 
later becomes dark brown as it absorbs oxygen. Buchner, in iHSK, 
first used this principle which is still used in our laboratories and 
the device is known as Buchner’s tube. It is a stout walled large test tube, 
8 ' x 1*, the lower end of which is blown into a bulb. Above the bulb is a 
ledge over which the inoculated culture medium rests. The tube is furnished 
w r ith a well fitting rubber stopper. For use, some pyrogallic' acid is placed 
in the bulb and strong caustic soda (20 per cent.) is added, so as to occupy 
half of the bulb. I his forms an alkaline pyrogallol. The inoculated medium 
is then quickly introduced and the large test tube is closed tightly with the 




McIntosh and fildes- jar 8i 

rublur slo|>ptr and finally scaled with melted paraffin (Fig- The 

apparatus is then put m the incubator. 

Combustion , p ri „ d „ le of lhis metho<1 dc . 

** \" . r “"" vili 1,1 "s>k™ by ,hy oxidation of hydro- 

ll » H t 1,S 1S - (<MU 11,M nl ^ v carried out in the* McIntosh and 
l 68 ar (li^. 213). Hu* apparatus is mack* of a stout 
rUins j;u of S" y V (more recently gun nK *tal and aluminium 
jais an also used), tin* rim of which is flanged so as to fit a 
1 Limp to fix a metal (over over it. The lid is furnished with 
two needle valves which act as inlet and outlet for gases, 
h rom the undersurface ot tHe lid is suspended a metal spool 
ol palladinised asbestos wound round a fine coil of resistance 
wire, the two ends ol which arc* connected with two terminals 
fitted on the lid. When an electric current is passed through 
the wire, the spongy palladium becomes heated and acts as 
a catalytic agent, c ausing slow combustion of hydrogen and 
ox\gcn to form water. The whole of the spool is surround¬ 
ed by a wire gauze to prevent a sudden explosion. 
lloiv to use the apparatus :— 

(1) The opposing surfaces of 
the lid and jar are cleaned with 
x\ lol or benzol and smeared 
with vaseline. 

(2) The inoculated test tubes 
and Petri dishes are placed in¬ 
side.*, with some cotton wool or 
lint at the bottom. Along with 
this, an indicator tube or a tube 
of glucose broth containing a 
lew drops of alkaline methylene 
blue is introduced. This indi¬ 
cator becomes colourless when 
the anaerobiosis is complete. 

(3) The lid is then clamped down on to the 
jar tightlv. One of the needle valves is closed 
and the other is connected with a suction appara¬ 
tus to create a vacuum inside the jar. When 
this is obtained, the valve is closed. 



Fig. 212. 

Buchner’s tube for 
anaerobic cult na¬ 
tion. 



B 

Fig. 213. 

McIntosh and Fildes' anaerobic 


jar. 


A 


The jar as a whole, 
a.a*—terminals; b,b'— 

needle valves; c—metal 
clamp; d—glass jar. 

B—Metal cover, showing how 
the spool has been sus¬ 
pended from the under 
surface of the lid. 


(4) Hydrogen is now passed from a Kipp’s 
apparatus through one of the valves as arranged 
in Figure 214. The inclusion of a mercury 
manometer is to record the degree of pressure 
in the system. 

(5) Both the valves arc now closed tightly and tin.-minals are attached 

to an electric' supply through a resistance. A curi\.. joo volts (two 16 
e.p. and one 8 c.p. carbon lamps in parallel) w "<'e for ordinary 

purposes. 
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Fig. 214. 

Use of McIntosh and Tildes’ jar for anaerobic cultivation. The hydrogen evolved from 
Kipp’s apparatus by the action of zinc and sulphuric acid is passed through a series of 
wash bottles to remove sulphuretted hydrogen, arseniuretted hydrogen and oxygen respec¬ 
tively. 

(6) In a short time, dew drops will appear on the walls of the jar. 
A negative pressure inside the jar is produced, as indicated by the mano¬ 
meter. More hydrogen is introduced through the valve. The current 
is passed again and combustion allowed to go on. 

This process is repeated several times till all the oxygen inside the jar 
is used up. This is indicated by the discharge of colour in the indicator 
tube and also by the manometer showing an equal pressure in both the 
limbs. The jar may now be disconnected from ' the resistance and the 
valves tightly closed. It is now ready to be placed inside the incubator. 

Biological or bacterial means: —-When two different kinds of bacteria 
are allowed to grow in a confined space, one of them may use up so much 
oxygen for its growth that there is very little left in that space for the 
growth of the other variety. Hence, anaerobic condition is established. 
Serratia marcescens (B. prodigiosus) is one such organism which, while 
actively growing in a confined space, readily -emovcs the oxygen from the 
contained air. In the same plate, which is carefully sealed with paraffin 
wax, S. marcescens (B. prodigiosus) and the required anaerobic organism 
are grown together in separate halves. Serratia marcescens (B. prodi¬ 
giosus) during growth absorbs the oxygen for itself and creates anacro- 
biosis. 

4. Reduction of oxygen: —This is done by using a medium contain¬ 
ing some reducing agent. The commonest reducing body is glucose which 
is added in about 2 per cent, strength. The method is very convenient for 
solid media. The inoculation may be made either as a shake culture or as a 
deep stab culture in which the upper part of the medium is melted and 
allowed to solidify so as to seal the needle track in the medium. 

Another very good reducing body is freshly excised animal tissue, such 
as rabbit’s kidney, spleen, testicle or heart. By adding portions of such a 
tissue in the medium which is usually liquid and preventing further access of 
oxygen, a very efficient anaerobic condition is established. Such a method 
Of cultivation was extensively employed by Noguchi for the culture of 
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spirochtetal organisms. lhc disappearance of oxygen is considered to be 
due to auto-oxidation of the unsaturated fatty acids contained in the meat. A 
piece of freshly excised tissue, preferably the kidney, removed under strict 
aseptic conditions, is placed at the bottom of a high test tube containing the 
culture fluid which may then be inoculated. Sterile melted parafhn or vaseline 
is then added, producing a layer on the top and protecting the subjacent 
medium from external atmospheric' oxygen. Instead of fresh tissues, heated 
tissues act in the same way, as in Robertson’s cooked meat medium which is 
prepared as follows. 

Robertson’s cooked meat medium (modified by Martin and Lepper )— 

1. 500 gins, of fresh bullock’s heart, freed from fat, are taken and 
minced finely. 

2. An equal volume (500 c.c.) of boiling N/20 caustic soda is added 
and allowed to boil for 20 minutes. The mixture is then allowed 
to cool in running water. 

3. The mixture is then strained through a muslin gauze and the 
minced meat is then spread out on the cloth and allowed to dry 
partially. 

q. The meat is then placed in test tubes to a depth of 2 inches and is 
covered with nutrient broth (pH 7*5), until it stands 1 inch above 
the meat. 

5. The tubes are then placed in a bath of boiling water for half an 
hour to drive olT the entangled air. 

6. The tubes are sterilised in the autoclave at i20°C. for 20 minutes. 

Alter inoculation, the cotton wool plug may be sealed with melted 
paraffin to prevent further access of air. The exclusion of air may be further 
ensured by putting the inoculated medium inside the McIntosh and Fildes’ 
jar, thus ensuring- a double safeguard. 

C ertain Other reducing substances, such as cysteine, glutathione and 
succinic acid, when added to a medium, produce an anaerobic condition, 
thus providing a means of cultivating anaerobic bacteria under aerobic condi¬ 
tions. Thus, when a minute amount of cysteine hydrochloride is added to 
nutrient broth or agar, it parts with its hydrogen in the medium and becomes 
cystine. The liberated hydrogen absorbs the oxygen in the medium, produc¬ 
ing a condition of what is called reduction potential. 

In the preparation of the media, cysteine hydrochloride is added to 
nutrient broth or melted agar at 8o°C\, in a concentration of 0*3 per cent. 
The medium becomes turbid and also acid. Its reaction is then adjusted 
to pH 7'q bv titrating with a 10 per cent. NaOH solution. It is finally steri¬ 
lised in the steam steriliser for half an hour. Inoculation into agar should 
be made in the melted condition (at 50°C.) and the is then poured into 

plates. The grow th is detected at the edge of the 1 r 

Note :—When reduction of oxygen is used as a nu 

always advisable to use either a Bulloch’- 

Fildes’ jar. 


• A anerobiosis, it is 
* a McIntosh and 
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CLOSTRIDIUM TETANI 

( Bacillus tetani ) 

Tlic causative organism of tetanus. 

HISTORICAL : —Two Italian workers. Carle and Rattonc, first described 
their experimental observations on tetanus. Nicolaier, in 1884, first discover¬ 
ed the organisms by injecting samples of earth into laboratory animals. 
Kitasato, in i88g, isolated the bacillus in pure culture. In i8qo, von Behring 
and Kitasato discovered the antitoxin. 

HABITAT:— Th e organism is commonly encountered as a saprophvte in 
the intestines of some of the domestic animals, such as the horse, cattle and 
sheep. It is also found in the intestines of man, which may explain the occur¬ 
rence of cryptogenic tetanus. The spores of the organism are present in the 
superficial layers of the soil and they are particularly frequent in cultivated 
and manured soil. 

MORPHOLOGICAL CHARACTERS (Fig. 215):—It is a fairlv Jong, 

thin, pleomorphic bacillus, about 5 g in length. It possesses many 



A B 

Fig. 216 . 

Morphology of Clostridium tetani. 

A—peritrichate flagella; B—spherical and terminal spores 
(drum-stick form). 

peritrichate flagella and is motile. Spore formation takes place at one of 
the terminal ends, producing one spherical spore, and this gives the bacillus 
a “ drum stick ’’ appearance. In the usual stained preparation, such a 
spore is never found free but always attached to the bacillary body. 
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STAINING REACTIONS: —The bacillus is Gram-positive. It may be 
stained with other aniline dyes. Special stains are necessary for the 
demonstration of the spores and flagella. 

CULTURAL CHARACTERS A s usual with the anaerobic bacteria, 
the organism can be cultivated only under strict anaerobic conditions. 
I’snaily, incubation lor 4 to 5 days is necessary to produce a sufficient 
growth. 

Glucose agar: —The growth is usually shown by the production of 
gas and disruption of the medium. The colonies are, as a rule, small, some¬ 
what opaque, with irregular, filamentous edges. The growth is usually 
more vigorous in the deeper parts and very scanty superficially. 

If the inoculation is made in the water of condensation of a glucose 
agar slope, the growth tends to spread over the whole surface as a thin 
layer with irregular edges, resembling the growth of Proteus vulgaris (Bacil¬ 
lus proteus). 

In stab cultures, the* growth resembles the appearance of a fir-tree. 

In nutrient broth with or without glucose, there is growth with 
uniform turbidity and a granular deposit at the bottom. A peculiar manure¬ 
like odour develops in the culture tubes. 

The growth ol Cl. tetani is very luxuriant in cooked meat medium . 
1 he broth becomes turbid and there is some evolution of g r as but the meat 
does not show any alteration in colour in the way of blackening nor is it 
digested. , 

In blood agar: —There is growth with htemolysis. 

BIOCHEMICAL REACTIONS:— 

Saccharolytic properties —Cl. tetani does not ferment any sugar. 

Proteolytic properties— It produces it idol in peptone water. In litmus 
milk, the colour of tin* litmus may be discharged without any other gross 
change (no coagulation). Gelatin is slowly liquefied. Coagulated serum is 
rendered more transparent and softened but is not liquefied. 

VIABILITY s-Although the vegetative bacillary forms cannot resist heat, 
desiccation and the action of antiseptics more than the other common 
bacteria, the spores are very resistant, and may remain alive for many years. 
Kor instance, they can withstand boiling for 15 to 20 minutes and can stand 
the action of a 5 per cent, carbolic acid solution for hours. The viability of 
the spores is still further prolonged if they are kept in a moist humid place, 
away from direct sunlight. It is for this reason that they are present so 
abundantly in manured agricultural and garden soil. 

SEROLOGICAL VARIATIONS: —Injection of d organisms into 

a rabbit leads to the development of agglutinins. P' ^ of agglutination 

tests, seven serologically different varieties of Cl. 1. ave been isolated. 

But the toxins produced by all these different typ* rganisms are the 

same and are neutralised by the antitoxin prepared ... . any one type. 
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TOXIN PRODUCTION 2—Cl. tetani, during its growth, produces a 
toxin which diffuses out of the bacterial body into the surrounding medium. 
Hence, it is an exiracellular toxin. All the pathogenic effects are due to 
this soluble exotoxin. The best medium for the study of tetanus toxin is a 
liquid one. In this, the bacteria are grown anaerobically and then this liquid 
culture is filtered through a porcelain filter when the bacteria-free filtrate 1 is 
found to contain the toxin. 



In the liquid state, tetanus toxin is 
very delicate and thcrmolabile and hence 
decomposes readily and soon becomes 
innocuous. But it retains its qualities 
intact if kept in a dried, powder form. 
It is in this form that the toxin is kept 
in commercial firms which undertake 
the work of immunisation and manu¬ 
facture e>f antitoxic serum. 

Tetanus te>xin is one of the most 
powerful poisons known. It is so toxic 
that o'00001 c.c. is enough to kill a 
mouse weighing 10 gms. The follow- 
ing are some of the important facts 
about tetanus toxin: — 

(1) It consists of two distinct variet¬ 
ies of poison—(a) One kind e>f poison 
produe'cs convulsions and is called 
tctanospasniin, and (b) the other 
variety has a marked hsemolytic effect 
and is called tetanolysin. 


VOLUNTARY 

MUSCLt 





Fig. 216 . 

Mode of action of tetanus toxin. 

Note the infection of the wound with spores of Cl. tetani, 
where they germinate and develop into vegetative forms’ 
The bacilli multiply at the site of injury, liberating a 
large amount of exotoxin which is absorbed into the 
circulation and reaches the muscles. The toxin now enters 
the central nervous system through the motor end plates 
motor nerve# 


(jJ When taken by the mouth, the 
toxin is completely destroyed and be¬ 
comes harmless. W hen injected, it is 
absorbed through the motor end-plates 
the muscles and carried along the 
motor nerves to reac h the anterior horn 
cells in the spinal cord 
(Fig. 216). 'flic toxins 
may reach the motor 
nerve cells in the brain 
either by extension from 
the spinal cord or 
through branches of the 
motor cranial nerves. 
Any wav, not until the 
motor nerve cells of the 
brain and spinal cord are 
reached, do symptoms of 
tetanus appear. 
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(3) It has been supposed that the toxin, after reaching the motor nerve 
cells, enters into some sort of combination which, though not permanent, is 
still sufficiently fixed, so that subsequent action of the antitoxin is unable to 
dissociate it. Such union with nerve elements results in the enormous 
increase of tone and constant irritation, simulating the action of strychnine. 

(4) Some time is always required for this combination and the develop¬ 
ment of tetanic symptoms. This is called the incubation period and it varies 
under different conditions, but the longer it is, the milder and less fatal is the 
attack. The incubation period in acute cases varies from 4 to 14 days and, 
on an average, it is 7 or 8 days. In chronic cases it may be about a month. 
The incubation period, however, is prolonged (45 days) when the patient 
recieves a prophylactic injection (500 units) of antitoxin. 

PATHOGENICITY 

The toxins of Cl. tetani are extremely harmful to men as well as to 
animals but their susceptibility in this respect varies a good deal. As a 
rule, human beings and horses are the most susceptible, while cats, dogs and 
birds, specially the domestic fowls, are highly resistant. Cold blooded 
animals are, as a rule, almost immune to tetanus toxins. Some of these 
animals are turtles, alligators and frogs. All the usual laboratory animals 
are affected by tetanus toxins. 

In man and susceptible animals, the Cl. tetani produces the disease 
known as tetanus. The symptoms and signs are ushered in, at a verv early 
stage, in the group of muscles in the immediate neighbourhood of the wound, 
by hyperexcitability and painful twitehings and it is only when the disease 
Is fairly advanced that the face and jaw muscles show the characteristic 
spasms. Later on, the muscular rigidity and twitehings may spread to other 
muscles, producing stiffness of the limbs and body. The spasm of the facial, 
jaw and cervical muscles gives rise to “ risus sardonicus,” trismus (difficulty 
in opening the mouth) and stiff neck. Subsequently, the tonic contractions 
and spasms spread to all the muscles of the body, resulting in the picture of a 
fully developed case of tetanus. 

Portals of entry: —Usually, there may be found the history of some 
trauma, of varying grades, in some part of the body. In some cases, injury 
to the soles of the feet by a splinter or a nail is very constant. Lacerated 
wounds, resulting from street accidents, are often important causes. Occa¬ 
sionally, the wound may be very trivial and.completely forgotten by the 
patient and is detected only on careful questioning. Apart from the above 
causes, the following are worth remembering: — 

(i) Any suppurative lesion in the body may be r ..Trily infected, such 

middle ear disease, bed sores, abscesses and fun- -cne pustules, and 
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in fact, any ulcerative condition in any part of the body. In this connection , 
it should be mentioned that smallpox vaccination m;iy he followed 
by tetanus . 

(ii) Tetanus mav sometimes follow hypodermic injections, particularly 
of drug's which are marked tissue irritants. Quinine heads the list in this 
respect and the development of tetanus after quinine injection is dreaded by 
physicians and surgeons in the tropics. The spores are thought to enter 
into the needle-track from outside and germinate and multiply in the necrosed 
tissue caused by the toxic effect of the drug. 

(iii) The use of unsterilised and contaminated dressings on an open 
wound in the body may be attended with tetanus. Similarly, the use of 
insufficiently sterilised catgut (prepared from sheep’s gut) in operations on 
the body may also be attended with tetanus. 

(iv) In the past, when solutions of gelatin were injected to increase the 
coagulative power of the blood and also as a haemostatic measure, tetanus 
not infrequently developed. But now-a-days, its use has almost been given 
up on account of this danger. 

(v) Tetanus may affect the parturient mother, either during labour or 
more frequently, during the puerperium, specially if there has been improper 
handling and when instruments have been used. The spores are carried from 
outside into the uterine cavity where blood clots and bits of placenta lorm 
suitable nidus for the germination of the spores and their subsequent 
multiplication. 

(vi) Tetanus may occur in the new horn and the portal of entry in this 
case is the raw unbilical cord. This kind of tetanus is ('ailed " tetanus 
neonatorum The infant mortality from this condition is fairly high in our 
country, although in European and American countries, it is almost insigni¬ 
ficant. This difference appears to be due to tin* ignorance of the mass in our 
country regarding proper post-natal precautions, and the employment of 
unclean and illiterate country “ Dhais " for confinement “ l)hais ” aie 
low' caste illiterate native women, who conduct labour cases amongst people 
in the villages of Bengal. 

THERAPEUTIC CONSIDERATIONS 

We have already seen that the signs and symptoms of clinical tetanus are 
due to the effect ol a powerful extra-cellular toxin produced bv Cl. tetani local¬ 
ly the wound. We have also seen that this toxin, though absorbed into the 
circulation, cannot produce any harmful effect, unless and until it is taken up 
by the motor nerve endings, and that it travels along the nerves to reach 
the motor nerve cells of the brain and spinal cord, where a fairlv firm com¬ 
bination takes place and that it is only after this process that svmptoms are 
produced. All these processes will naturally require some time which, as we 
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have said al>«>vc, is known as the inmhation period. Hence, the therapeutic 
cfT ,ct which cons,sis in the neutralisation of the poison, is obtained before 
l;,Her has I, a, I 10 „i,h and be fixed to the nerve eclls. Once 

„,is combination h» taken place, it becomes extremely difficult, even „dl 
nigh impossible, to dissociate the toxin to be neutralised by the eorrespondinc 
antitoxin. 


It has hern definitely found by the study of a large series of cases during 
the (ireat War that prognosis of a case depends to a great extent on the 
incubation period. I he earlier the onset of symptoms, the more likely is 
death to occur as will be shown from the table below. 


Relation between incubation period and mortality:— 

In unprotected eases (Permin’s scries)— 

Incubation period 10 days or less ... Mortality 90 per cent. 
,, ,, over 10 days ... ,, 70 ,, ,, 

In protected cases (Bruce) — 

Incubation period 7 days or under ... Mortality 58 per cent. 

,, „ S to 14 days ... „ 49 ,, „ 

,, ,, 15 to 2 1 days ... ,, 30 ,, ,, 

In actual treatment, the antitoxic' serum is used as a prophylactic as well 
as a curat ire agent. When a case is diagnosed early, and the symptoms a»e 
mild, large doses of the serum, varying from 15,000 to 30,000 units, should 
he administered without delay. A part of this quantity should be injected 
around the neighbourhood of the wound, if there be any present at the time, 
and the rest should be given intramuscularly. This process may be repeated 
every 24 to 4S hours till improvement sets in. All the other ancillary 
therapeutic agents should be used along with the antitoxic serum. 

In severe cases, the amount of serum and the route of administration 
should he somewhat different. In such a ease, apart from injecting the serum 
around the neighbourhood of an existing wound, large doses should be 
injected intravenously. It is in such cases that intrathecal injection of serum 
is indicated. For this purpose, a preliminary injection of morphia is neces- 
sarv. A lumbar puncture is first made and some cerebrospinal fluid is with¬ 
drawn and collected in a test tube. Through the lumbar puncture needle, an 
equal quantity of concentrated antitoxin, at body heat, is injected. The 
process mav be repeated at regular but frequent intervals. In addition to the 
intrathecal injection, 20 to 30 thousand units should be given intravenously 
or intramuscularly. Like treatment of cases of diphtheria, it is always safer 
to inject more serum than what is thought to be nee*'--**y. In a case of 
average severity, the use of a total quantity of 10a thousand units 

is not considered to be too much. 
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Prophylaxis: —The greatest use of antitctanic serum is in prophylaxis 
and its introduction into general use has reduced both the incidence as well 
as the mortality from the disease. From a very accurate study of this subject 
during the Great War in 1914, it was found that after the introduction of 
prophylactic injections of antitctanic serum in wounded soldiers, the incidence 
fell from 9 per thousand to 14 per thousand and the mortality was lowered 
from 53 per cent, to about 22 per cent. 

In the prophylactic use of the serum, the quantity to be administered 
should depend on the character and the extent of the injury and also on the 
time that has elapsed after receiving the injury. In civil practice, in a case of 
average severity, the injection of 1500 units is the rule. But if the amount of 
laceration is very severe and some time has elapsed, the injection of a much 
bigger dose is always necessary. It is also desirable to inject a part of the 
serum around the neighbourhood of the wound. Another very important 
matter in such badly lacetrated and grossly contaminated wounds is to 
combine the tetanus antitoxin with a sufficient dose of anti-gas-gangrene 
serum, as the toxins of the gas-gangrene-producing organisms always help 
the pathogenic effects of Cl. tetani. If considerable delay has occurred, 
larger doses of antitoxin are absolutely necessary. Another very important 
matter to remember in the prophylaxis against tetanus is the fact that all 
traces of antitoxin disappear from the blood within 10 to 14 days after its 
administration (vide p. 156). If at this time, the wound is still in such a 
condition that spores of Cl. tetani contained in it or infecting it can germinate 
subsequently and produce toxin, tetanus may result. Hence, under such 
conditions, it is always safer to repeat the prophylactic dose of the antitoxin 
after an interval of 6 to 8 days till the wound heals up. Of course, the 
necessity for a vigorous surgical treatment of such wounds to prevent ger¬ 
mination of spores after the effect of the antitoxin has diminished, should 
always be remembered. 

The question of surgical prophylaxis is a very important matter in the 
prevention of tetanus. All dirty and lacerated wounds should preferably be 
excised at the earliest opportunity, if possible. All splinters, dirty wood or 
metals, clothes and similar foreign bodies should be scrupulously removed 
from the wound which should be surgically cleansed, washed and 
satisfactorily drained. Unless this is done, the wound will produce a very 
favourable nidus for germinaticn of the spores and growth of the 
anaerobic bacteria. In this connection, the use of a tourniquette for a long 
period and very tight plugging to effect haemostasis are both undesirable, as 
they help to lower tissue resistance by interfering with nutrition. 

LABORATORY DIAGNOSIS 

The laboratory diagnosis of tetanus consists in discovering the Cl. tetani 
and is sometimes very difficult. In any case, as much of the suspected 
material as possible should be collected for examination. In cases of 
suppurative lesions, the pus or the discharge is suitable, whereas in cases of 
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necrotic and ulcerated wounds, a portion should be excised or scrapings from 
the ulcer collected. Materials suspected to be contaminated with the spores 
should be taken in sufficient amounts, otherwise a negative result may be 
obtained. 

Methods of diagnosis consist of the following: — 

1. Microscopical examination . 

2. Cultural examination . 

3. Animal inoculation . 

1. Microscopical examination of a direct smear is always advisable to 
see not only the tetanus-like bacilli, but also to know the nature of the 
bacterial contamination. Bacilli with round terminal spores should be looked 
for. Usually, their number is very scanty and it may require a very pro¬ 
longed and patient search to find them. 

2. Cultural methods: —This is the most important method. The best 
medium for this purpose is Robertson’s cooked-meat medium. Strict 
anaerobic condition should be obtained. The medium, after inoculation, 
should be incubated for 4 to 5 days continuously. After this time, examination 
should be made for the typical bacilli. 

For purposes of isolation, such a culture medium with the growth in it, 
should be heated to 75 0 to 8o°C\ for about 20 minutes to half an hour when 
all the vegetative forms of the bacilli will be killed but the spores will survive. 
It may then be plated and the characteristic colonies picked out. Another 
very good method is to inoculate the water of condensation of a sloped 
medium with the heated culture when, within 12 hours, a filmy, proteus-like 
growth will spread on the surface of the slope. Two or more similar sub¬ 
cultures should be made to obtain a pure culture. The organisms thus isolated 
should be studied as to their morphology, staining reactions, biochemical and 
other cultural characters. They may be finally tested against an agglutinat¬ 
ing serum. 

3. Animal inoculation: —Toxin formation may be studied bv culturing 
the organisms in a suitable liquid medium and injecting the bacteria-free 
filtrate into a susceptible animal (white mouse) which will develop the signs 
and symptoms of tetanus. It is always necessary to use two animals, one 
with the toxin alone and the other which has been given a prophylactic dose 
of antitoxin. 

In the laboratory diagnosis of tetanus, it should be kept in mind that 
other non-pathogenic spore-bearing anaerobic bacte*-^ are sometimes present 
in exposed wounds as saprophytes and their pro: nay cause some con¬ 
fusion. Some of these organisms are CL putrifich. teianomorphum , CL 

cochlearium, CL tertium, CL sphenoides and a ho r * ^ers for which special 
books should be consulted. Apart from minor d! .„cs in the characters 
of growth and biochemical reactions, they never ;■ - any toxic effects on 

laboratory animals and are thus safely excluded. 
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CLOSTRIDIUM BOTULINUM 

(Bacillus botulinus) 

This is the casuative organism of botulism, a variety of food poisoning, 
due to eating tinned meat or imperfectly cooked meat which had been 
previously infected with the bacilli. The organisms were first isolated in 1896 
by van Ermengem from infected pickled ham which was eaten by several 
persons in a Belgian music club. The name botulism was given to the disease 
because it originated from the eating of sausage (from botulinus, a sausage). 

HABITAT:—! he organism is widely distributed in the soil and may 
sometimes be found in the intestinal tracts of certain domestic animals, the 
chief of which is the hog. From such sources, the organisms may be 
disseminated bv insects and the spores may be deposited on fruits, vegetables 
and other articles of diet. The organism does not multiply in the healthy 
living tissues but occurs as a harmless saprophyte. 

MORPHOLOGY: —It is a fairly large bacillus, 4 to 6 /x long and about 1 /x 
thick, arranged either singly or in short chains. It forms an ova! terminal 
spore which is thicker than the vegetative bacillus. It possesses 4 to 8 
peritriehate flagella and is slightly motile. It has no capsule. 

STAINING REACTION:— It is Gram-positive. 

CULTURAL CHARACTERISTICS:— The organism is very strictly 
anaerobic. It grows well at Jow temperatures, near 2o°C., but less 
luxuriantly at a temperature of 35°C. and over. 

Glucose agar —On surface glucose agar, large translucent filamentous 
colonies arc produced with a granular surface and fimbriated edge. Con¬ 
sistency of the growth is somewhat viscid. In deep slab culture in r per cent, 
glucose agar, there is a thin white column of growth and the medimp is 
cracked and split, due to abundant formation of gas. 

Nutrient broth with or without glucose:—There is a vigorous growth 
with general turbidity and a granular deposit at the bottom and copious 
evolution of gas. A rancid odour is produced owing to the formation of 
butyric acid. 

BIOCHEMICAL REACTIONS: —This organism is both proteolytic and 
saccharolytic, the former property predominating. 

Cooked meat medium :—Vigorous growth takes place with blackening 
of the meat. There is a rancid odour and much evolution of gas. 

Litmus milk —Casein is precipitated and later digested with alkaline 
reaction. 

Gelatin is readily liquefied. 

It produces plenty of gas in all media, specially those containing glucose, 
the chief gaseous elements being hydrogen and methane. 
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VIABILITY: —'Flic vegetative organism is no more resistant to heat, 
desiccation, sunlight and antiseptics than any other pathogenic bacterium, but 
its spores are extremely hardy. The latter can be destroyed bv dry heat at a 
temperature of iKo°C\ for 5 to 15 minutes. It requires boiling for some 
hours bet ore the spores are killed and they may remain alive in the autoclave 
for nearly 5 minutes. Thus, the enormous resistance of the spores to heat 
enables them to withstand tinning and cooking processes, specially if these 
are done inadequately. 

TOXIN PRODUCTION: -Cl. botulinum produces, under strictly 
anaerobic conditions, a very powerful, soluble, extra-cellular toxin, which, on 
being absorbed through the alimentary tracts, produces the svmptoms of 
botulism. This toxin is destroyed at a temperature of 8o°C. but it resists the 
action of acids. It is not altered by the gastric juice in the stomach from 
where it is rapidly absorbed. Thus, the toxin of Cl. botulinum differs 
Irom those of C. diphtheria* and Cl. tetani, (i) in being fairly stable and 
resistant, (ii) in producing its injurious effects when taken by the mouth and 
(in) in not producing any toxin in the tissues of man and animals. In this 
respect, it differs very widely from the latter two exotoxin-producing 
organisms. Neither the injection of the bacilli into the tissues or circulation 
nor feeding by mouth is capable ol producing symptoms. The potency of the 
toxin is very great and almost incredible. A dose of 1 1,000th of a c.c. is 
enough to kill a monkey and 1 jo, oooth oi a c.c. w ill kill a rabbit or a guinea- 
pig in a day or two. All laboratory animals, including mice and chickens, 
are* highly susceptible, whereas the cold-blooded animals, such as frogs and 
fish, are unaffected. 

Types: 1'wo main types (A \ B), identical in morphology but dis¬ 

tinguished b\ their toxin pioduction, have been described. Antitoxin of one 
fails to neutralise the other. Type A is also distinguished from type B by the 
tact that the former i^ pathogenic for fowls and ferments salh'in. Strains 
differing from types A and B have also been isolated and the name para- 
botulinus has been applied to them. These are generally non-proteoly tic and 
do not ferment glycerol (cl. types A \ B which ferment glycerol). 

SEROLOGICAL REACTIONS: —When the toxin of Cl. botulinum is 
injected into a susceptible animal in repeated sublethal doses or when a man 
or an animal recovers trom an attack ot botulism, its homologous antitoxin 
is developed in the serum of that particular animal or man. This antitoxin, 
like that of (\ diphtheria 1 or Cl. tetani, completely neutralises the toxin. For 
commercial purposes, antitoxic serum is prepared by the immunisation of 
goats. When the bacilli, absolutely freed from the toxin, are injected 
intraperitoncally or intravenously into a rabbit, they give rise to the produc¬ 
tion of agglutinins, precipitins and complement fixing bodies in the blood of 
the injected animal. Such agglutinating serum is used for the diagnosis of 
botulism. 

ANIMAL INOCULATION— All the laboratory animals are susceptible to 
the toxins bv subcutaneous inoculation or feeding. 1 ‘ mptoms resemble 
those of acute bulbar paralysis. 
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PATHOGENICITY 

When the toxin of Cl. botulinum is ingested, signs and symptoms of 
botulism develop. This may occur both in man and animals. It should be 
noted that the organism produces injurious effects entirely by its toxin. 

Animals: —Of the animals, chickens, horses and cattle have been 
reported to have suffered from the intoxication due to feeding on infected 
beans, forage, corns and other materials which are stored up for fodder. All 
these animals suffer from varying degrees of weakness and muscular paralysis 
which, in severe cases, cause death. 

Man: —In man, symptoms begin usually 24 hours after the consump¬ 
tion of the contaminated food. Unlike other varieties of food poisoning, 
there may not be any symptoms pointing to the gastro-intcstinal canal. 
There are general weakness, lassitude, constipation, difficulty in swallowing 
and mastication, dry tongue with intense thirst and thickness of speech. 
Disturbances of vision are early symptoms and consist of diplopia, dilated 
pupils and photophobia, with paralysis of the muscles of the eye-lids. Thus, 
the symptoms resemble more or less those of belladonna poisoning. In very 
severe cases, paralysis of muscles becomes extreme and the patient dies of 
respiratory complications. There is no disturbance of sensation and general 
consciousness remains intact till near the end. 

Morbid anatomy After death, all the organs arc found congested 
and there may be extravasations of blood and thrombosis of vessels. No 
definite histological changes could be found in the central or peripheral 
nervous system. It has been suggested from the character of the symp¬ 
toms which develop, that the main effect of the toxin tails upon the 
parasympathetic portion of the autonomic nervous system. (C l. the action 
of Belladonna alkaloids). 

It should be remembered that death is due to the effects of the absorbed 
preformed toxin and the bacilli of botulism never enter the general circula¬ 
tion nor are they injurious while inside the body. The poison is formed when 
the organism grows in food under anaerobic condition. 

Difference between botulism and salmonella food poisoning:—The 

subject of botulism is intimately connected with that of bacterial food 
poisoning of which it forms only a sub-group. W hereas the variety caused 
by the Salmonella group of bacteria is an instance of an acute infection 
with growth and multiplication of the causative bacilli inside the alimentary 
tracts of the affected individual, botulism is entirely different, this being- a 
typical example of intoxication. The toxin, in the latter case, exists 
already in a preformed condition in the contaminated food material where it 
remains in a very concentrated form and its subsequent consumption leads 
to its absorption through the mucous membrane of the alimentarv tracts 
producing the toxaemia. Another very important difference between 
botulism and the salmonella food poisoning is the lack of spread of the disease 
in the former from person to person, as happens in the latter, due to the 
transference of the contaminating organisms through vehicles of food, 
drinks or fomites. Hence, secondary cases of human infection do not 
occur in botulism although domestic animals which feed on the* remnants 
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of the infected food may suffer from it. Botulism usually occurs as a 
sporadic outbreak due to eating tinned meat, fish or fruits or preparations 
of imperfectly cooked meat which has been kept for a long time, such as 
sausages, pickled ham, smoked meat, prepared foods, etc. In the case of 
an outbreak of botulism, the infected article of diet has been found to be 
consumed before final cooking or after inadequate cooking. The result 
has been that the toxin remains quite active and without much alteration. 
In some cases, the particular element of food may show some change, either 
in odour, colour or consistency, but in other cases, no noticeable alteration 
may be found. In the case of tinned food, gas may be found inside and 
there may be some rancid odour in the article. Owing to the incidence of 
the disease depending on such food materials, botulism is a very uncommon 
malady in our country where food is always cooked before consumption 
and where the use of tinned food stuffs has not yet found favour with the 
people in general. 


Table showing the difference between the two types ol bacterial food poisoning. 


Botulinum food poisoning. 


Salmonella food poisoning. 


1. 

3 - 

4 * 


.v 


6 . 


8 . 


Causative organisms are ana:rolm\ 
sjxire-honring anil Gram-positive. 

An example of intoxication. 

Meat Ivconvs infected after the ani¬ 
mal has b»*»*n slaughtered. 

Bacteria produce the toxin outside 
the animal body and they cause no 
harm inside the body. 

Secondary cases do not occur, except 
in animals which may feed on the 
remnants of the affected food. 

Ciastro-intestinal manifestations are 
absent. 

Symptoms of Belladonna poisoning or 
paralysis of nerve-endings. 

Course is afebrile. 

Duration is Itmg. 

Onset is usually gradual. 

Treatment—Antitoxin. 

Mortality—60 to 70%. 

THERAPEUTIC 


Causative organisms are aeiobic, non- 
sporing and Gram-negative. 

An instance of infection. 

Meat was already infected at the 
time of slaughter, i.e., the animal 
was already sick. 

Bacteria enter the alimentary canal 
through contaminated food stuff and 
multiply inside, producing the 
symptoms. 

Secondary cases occur due to person- 
to-person infection. 

Marked gastro-intestinal symptoms 
are present. 

Symptoms resemble cholera or dysen¬ 
tery. 

8. Course is febrile. 
q. Duration is short. 

10. Onset is sudden. 

11. Treatment—Systemic. 

12. Mortality—1 to 2%. 

CONSIDERATIONS 


Although a powerful antitoxic serum has been produced against the 
toxins of Cl. botulinum, it lias not been found to be constantly efficacious 
in the treatment of actual human cases. In practice, the serum should be 
injected in fairly big doses, 50 c.c., preferably intravenously, and repeated 
every day till the patient recovers. It is necessary that the scrum treatment 
be started as early as possible to neutralise the absorbed toxin. It is now 
known that antiserum of one type will not produce anv beneficial effect on 
the other type. Hence, a polyvalent serum should be used. 

Apart from the antitoxic serum, medicinal treatment should also be 
tried. Iodine and potassium permanganate may br , : by the mouth as 

thev both destrov the toxin. Alcohol has been k.• to precipitate the 

toxin and hence, repeated small doses of brandy.heated. Olive oil 
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retards the absorption of the toxin and liquid soap is said to neutralise it. 
Nervine stimulants, such as Nux vomica, are beneficial. 

Prophylaxis: —Fresh food stuffs which are well cooked and eaten 
without much delay, are free from dangers of botulism. The main source 
is the tinned food and every care should be exercised to avoid it. In this 
respect, the Indian custom of cooking and eating has much to commend 
itself. If it is necessary to use tinned food, some points should be noted 
before using it. Bulging of the tin, the presence of gas bubbles, any 
alteration in the appearance or consistency of the food or the presence of 
a rancid smell, should at once put the consumer on guard and such a food 
should be totally discarded. The consumption of sausages and raw, pickled 
meat is always potentially risky and it is a very good thing that such a 
practice is not in vogue in our country. 

LABORATORY DIAGNOSIS 

This should comprise, mainly, the demonstration of the pathogenic 
effects of the toxin on laboratory animals and the isolation of the causative 
organisms from the suspected food material or the alimentary tracts ot 
the affected person. 

Demonstration of the effects of the toxin :—This may be done in one of 
the following ways : — 

(/) A portion of the suspected food stuff may be given to a susceptible 
animal which on feeding on it, may show signs and symptoms of botulism. 

(ii) The food may be suspended in saline or minced or ground up and 
then mixed with saline. This may be filtered and centrifuged and the 
supernatant fluid collected; or the fluid may be filtered through a porcelain 
filter to make it bacteria free. One to two c.c. of such a fluid may be 
injected into the peritoneal cavity of a mouse or a guinea-pig and the 
animal is watched for the development of the characteristic symptoms. 
Protection experiments may also be carried out, either by mixing the fluid 
with the corresponding antiserum or by giving an injection of antitoxin 
to the animal previous to its inoculation with the saline filtrate. 

Isolation: —It requires a good deal of care and a long time, viz., 
about 10 days. This may be done by inoculat ing a suit able* medium, 
preferably a fluid medium, with a little of the suspected material and 
incubating it under anaerobic conditions. This may then be heated to 
8 o°C. for half an hour to destroy all the contaminating vegetative organisms, 
leaving only the resistant spores alive. After this process, a little of the 
heated culture may be planted either in deep glucose agar tubes (stab 
cultures) or on the surface of a plate and incubated anaerobically for about 
a week when the characteristic growth is obtained. From this culture, 
morphology,, biochemical properties, toxin production and animal experi¬ 
ments may be done to establish the identity of the bacteria. 

When a patient has recovered from an attack, there is sufficient amount 
of antitoxin in his blood to be actually demonstrated. Such blood serum 
will be able to protect a susceptible animal from the effects of the toxin 
of Cl. botulinum. 
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GAS GANGRENE 

Gas gangrene is a massive necrosis of tissues with gas formation and 
associated with a profound toxaemia. It is the result of inoculation of lace¬ 
rated wounds with anaerobic bacteria of the Clostridium group. The condition 
should be distinguished from the usual types of moist gangrene in which the 
evolution of gas is due to the putrefactive changes taking place in the tissues 
which are already dead or dying from some other cause. In gas gangrene, 
infection by anaerobic bacteria is the primary factor which leads to the death 
of tissues and gas formation, whereas in the other form, the bacterial infec¬ 
tion is only a secondary phenomenon. 

During the pre-Lister days, this variety of gangrene was very frequent 
and was the greatest obstacle to successful surgerv. When antiseptic sur¬ 
gery came in to occupy the forefront, the incidence of the disease declined. 
But it llared up during the Great European W ar when it assumed a menac- 
ing proportion and attracted the keen attention of all the scientific men of the 
world. During this period, considerable progress had also been made regard¬ 
ing its etiology, pathology, treatment and prophylaxis. Now-a-days, we 
get instances of gas gangrene only in cases of severely lacerated wounds 
which are grossly soiled with dirt and materials contaminated with animal 
and human kecal matter. Occasionally, this condition is met w T ith as a 
complication in acute suppurative inflammation inside the peritoneal cavity, 
e.g., in acute appendicitis, intra-peritoneal abscess and gangrene of the gut. 

Clinical picture:- 1 he incubation period varies, but usually the 
symptoms begin to appear 12 to 24 hours after the injury. The onset is 
very sudden. A patient, left in a very good condition in the evening, mav 
be lound acutely ill and almost dying the next morning. Early symptoms 
are pain and numbness, malaise and restlessness. \ omiting is verv common 
and in some cases, very troublesome. Signs of a severe toxtemia soon make 
their appearance. 1 he patient looks very ill, with intense thirst, dry tongue, 
pallor, sunken eyes and extreme depression. The pulse becomes feeble, 
rapid and running, and the temperature subnormal. There is cold perspira¬ 
tion and extremities also become cold and cyanosed. The mental condition 
remains clear till the end. Death usually takes place suddenlv from circu¬ 
latory failure. 

Pathological lesions: —The characteristic lesions consist of oedema, 
gas formation (l"ig. 217) and necrosis of muscles and other tissues, the 
former being more involved than the cellular subcutaneous tissues. Hence, 
this gangrene is always associated with crepitus whl. .,.av extend even to 
a very distant place, due to the gas travelling alon^ planes of the mus¬ 
cles. There is also loss of function. 'The gas h* - usually collect in 
between the muscle fibres which soon lose their i. ...ul striations and 
which pass through the various stages of degen* processes until a 

complete coagulative necrosis sets in them. Pari pi.. affected muscles 
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Fig. 217 . 

A transverse section of a right thigh showing the 
emphysematous condition of the muscles on the posterior 
aspect of the femur in a case of gas gangrene. There are 
bubbles of gas in the neighbouring subcutaneous fat. 

( From the British Journal of Surgery; by kind permission 
of John Wright and Sons, Ltd.) 

show characteristic colour changes (Figs. 218, 219, 220, 221). Towards 
the beginning, there is hardly any noticeable difference from the normal 
colour, but as the degenerative changes proceed, the colour becomes a dirty 
red, changing rapidly to a yellow and finally to a black colour, due to the 
chemical action of the sulphuretted hydrogen on the iron liberated from the 
broken down muscle-haemoglobin. This takes place after the proteolytic 
digestion is established in the muscles, rendering the latter soft and diffluent. 

The development of gas bubbles is astoundinglv rapid. Towards the 
beginning, this gas mainly consists of carbon dioxide and hydrogen and is 
odourless, but with the progress of the infection, the smell soon becomes 
very foetid, owing to the liberation of sulphuretted hydrogen and volatile 
ammoniacal bodies by the proteolytic group of bacteria. 

In addition to the above changes, the blood vessels are damaged and 
thrombosis occurs and this further helps the necrotic process. 

The toxins of the gas-gangrene-producing organisms, particularly those 
of the Cl. welchii, are powerful haemolytic agents and when these are ab¬ 
sorbed, they lead to considerable haemolysis, resulting in hsemoglobinaemia 
and jaundice. 





PATHOLOGY OF GAS GANGRENE 


399 



Fig. 220. Fig. 221. 


Fig. 218, A portion of the gluteus maximum muscle from a patient who died of acute 
peritonitis. The normal colour, sharpness of outline and general appearance of the 
fasciculi show that the muscle was healthy. Fig. 219, Early colour changes in a piece 
of muscle from the gluteus inaximus in a case of gas gangrene. Note the brick-red colour 
of the muscl and the clear spaces once occupied by gas bubbles. The muscle at this 
stage i.s erej taut to touch, friable and noil-contractile. Fig. 220. A further stage in the 
gangrenous iroeess, showing the change of colour from brick-red to an olive green. 
Fig. 221. The end-stage of a muscl a in gas gangrene, showing the greenish-black colour 
ot the muscl and the glistening appearance of the surface. Such a piece of muscle is so 
soft that it t .‘iitls to flatten out and spread over the surface on which it is placed. 

(From Keen's Surgery; after Sir Cuthbert Wallace; by kind permission of 

Saunders Company . ) 

Although in milder eases, the organisms may remain localised, in all 
severe infections and specially before death, the im . ..thogenic members 
invade the system by passing into the general bio*- - am. Under such 
circumstances, the bacilli lodge in the liver, peritonc dneys, spleen and 
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other internal organs which may show degeneration and gas formation. 
One very important noteworthy feature of this infection is the total absence 
of all inflammatory cellular reactions in the lesions at all stages and from 
the beginning to the end. It is for this reason that there is no pus forma¬ 
tion but only a sero-sanious discharge from the lesions and a smear examina¬ 
tion of such an exudate shows very few leucocytes. Histological examina¬ 
tion reveals no leucocytic emigration but only coagulative necrosis of the 
tissue elements (Figs. 222, 223, 224, 225, 226). 

The following conditions act as predisposing factors in the production 
of gas gangrene :— 

1. Extensive laceration and crushing of tissues, which often occur in 
shell and bullet wounds, serious street accidents, compound fractures with 
severe lacerations, specially when these are complicated by large extravasa¬ 
tions of blood. 


2. Circulatory disturbances caused by division or occlusion of the 
main artery or the prolonged pressure of a tourniquet or tight bandage 
applied as a first aid to stop bleeding. 

3. Imperfect drainage and consequent retention of the extravasated 
blood and other discharges brought about by tight plugging or dry hard 
dressing. 

4. Buried missiles, foreign bodies, portions of dirty clothings, pieces of 
bone from comminuted fracture, etc. 


5. Haemorrhage, shock, exposure to cold and in fact, lowering of 
vitality due to any cause. 


Bacteriology of gas gangrene 

This subject was exhaustively studied during the last European War and 


as a result, it was found that a 



Pig. 222. 

Transverse section of a normal muscle. 


large number of bacteria was usually 
more common in gas gangrene than a 
single micro-organism. Besides the 
spore-bearing anaerobes, aerobic cocci 
and bacilli also lodge in the wound. 
Just to summarise, in gas gangrene, 
the bacteria may be broadly divided 
into the following groups. 

1. Most virulent, acutely patho¬ 
genic organisms which comprise 

Cl. welchii, Cl. septique and Cl. cede- 
matiens. All of them are strongly 
saccharolytic. 

2. Organisms of less patho¬ 
genicity and doubtful toxicity, com¬ 
prising Cl. fallax and Cl. histolyticum. 

3. Organisms which by them¬ 
selves have no pathogenic action , but 



Fig. 223. Fig. 224. 

Transxorse section of a muscle from the All the fibres are here degenerated, but 

advancing edge of ga» gangrene. Note the their &arcolemmal nuclei still appear intact 

marked contrast between the dead coagulut- Separation of the fibres from their sheaths 

ed fibres which are separated off from their is everywhere complete, 

sheaths, and the paler normal fibres. 



Fig. 225. 

This shows the distribution of the organisms 
at a eomparati\ely early stage. There are 
large number*, of bacilli in the reticulum, 
but they have not yet iimided the fibres. 
This stage i& slightly more advanced than 
that depicted in Fig. ‘221, and the nuclei of 
the sareolemiua ha\e disappeared. 


Fig. 226. 

A late stage of gas gangrene, showing com¬ 
plete disintegration of muscular fibres and 
reticulum. In this material organisms were 
present in large numbers, and frequentlj 
in the substance of the fibres. 


(From Keen's Surgery; after Sir Cuthbert Wallace, by kind permission of 

Saunders Compuny). 

nevertheless, exert a very harmful effect in the pre. ,>f each other and 

also of the more important pathogens. Most of nave little action 

on carbohydrates but they are highly proteolytic. typical organism 

of this group is the 01. sporogenes. 
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4. Aerobic bacteria, such as streptococci, staphylococci and pyogenic 
bacilli , may also be found, specially towards the beginning. The r 61 e play¬ 
ed by these cocci and bacilli in a lacerated wound is always favourable to 
the germination of spores of the anaerobic bacteria and their subsequent 
multiplication. By using up a large amount of oxygen for themselves, they 
lower the oxygen tension in the wound and help to produce an anaerobic con¬ 
dition which is absolutely essential for the growth of the pathogenic anae¬ 
robes. 

The presence of the spores of CL tetani in a grossly contaminated, 
lacerated wound should always be remembered. Although this organism 
is not responsible for the production of gas gangrene, its presence in such 
wounds is no less riskv, specially when we have seen that the effects of the 
toxins (aggressins) of Cl. welchii and Cl. septique are always favourable to 
the growth of Cl. tetani. 

Pathogenesis :—We have already seen that the gas-gangrene- 
producing organisms are all saprophytes, inhabiting the intestines of men 
and animals, and flourishing on decaying organic matter, either animal or 
vegetable in nature; that all are spore-bearing organisms and, owing to the 
high degree of resistance of the spores, they are able to survive for long 
periods in the soil and dust. Decomposing blood clots and dead or partiallv 
devitalised tissues lorm the best medium for the germination of spores and 
the growth and multiplication of these saprophytic organisms. \Ye have also 
seen that these bacteria owe their action mainly to the extra-cellular toxins 
which not only give rise to a serious constitutional poisoning but also pro¬ 
duce a very marked negative chemiotaxi> through their powerful aggressins , 
thus preventing any resistance which may be set up by the cellular defences 
of the body. When a severely lacerated wound becomes infected with the 
gas-gangrene-producing organisms, two things may happen. 

If there be not much dead and necrotic material and if sufficient tissue 
vitality is preserved, large numbers of phagocytes come to the area of the 
injury and destroy the spores as well as the bacilli which may have germinat¬ 
ed, before the latter can have time to produce their toxins in sufficient concen¬ 
tration. For, as we have seen already, it is this toxin which is the most 
important element in repelling the leucocytes and helping the bacilli to 
multiply and establish themselves firmly. It may be said that “the disease 
really begins, not when a wound has become infected with the pathogenic 
anaerobes, but from the moment when a group of these bac teria has been 
enabled to surround themselves with a toxin, sufficiently concentrated to 
abolish the local defences of the tissues.” Once this has occurred, the 
organisms multiply, produce more toxins and rapidly invade the tissues. 

When sufficient dead and necrotic organic material is present in the 
wound and the vitality of the tissues is also lowered very much, the ideal 
conditions for this infection are available. The spores germinate and the 
bacilli rapidly multiply and produce toxins, towards the beginning, the 
saccharolytic group is the first to develop. These rapidly convert the 
muscle carbo-hydrates into carbon dioxide, hydrogen and organic acids. 
The last named product, when formed in sufficient concentration, would 
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tend to inhibit the growth and activity of the saccharolytic group, but in 
the actual process of infection, this cannot take place, because of the 
subsequent development and the biochemical activities of the proteolytic 
group. Ihese latter organisms attack the proteins and break them up, 
liberating sulphuretted hydrogen and volatile ammoniacal bodies which act 
as neutralising agents against the organic acids. The presence of alkaline 
mineral salts of calcium, magnesium and potassium in the soil and the 
exuded materials from the tissues which are alkaline in reaction, also help 
to neutralise these acid products of carbohydrate fermentation. After the 
neutralisation, there is luxuriant growth of the bacilli with formation of toxin 
and the latter, after absorption, paralyses the suprarenal glands and causes 
death by toxiemia and collapse. 

To sum up :— 

1. Infection of a lacerated wound with (a) pyogenic bacteria and (b) 
spores of anaerobes. 

2. Production of an anaerobic condition by various factors. 

3. Spores of the anaerobes germinate and the bacilli multiply, 
producing toxins (aggressins) which repel the leucocytes, thereby 
abolishing the local defences of the host. 

4. Saccharolytic group of organisms (Cl. welchii) acts on muscle 
carbohydrate, producing H, CO2 and organic acids. The latter 
inhibit further multiplication of Cl. welchii. 

5. Proteolytic group of organisms (Cl. sporogenes) now acts on 
muscle protein, producing H2S and volatile ammoniacal bodies. 
The latter neutralise the acids and thus enhance the growth of 
the Cl. w elchii. 

6. As a result of this symbiosis between the two groups of organisms, 
Cl. welchii, one of the most important pathogenic members, grows 
luxuriantly, liberating a large amount of toxins. This leads to 
an intense toxaemia (sapriemia) which paralyses the suprarenals 
and causes death. 

Therapeutic considerations 

The introduction of the antiserum against the organisms of gas- 
gangrene has reduced both the incidence and the mortality of the disease. 
To be of any service, it is necessary that the injections are given in big doses 
(20,000 units), preferably intravenously and as early as possible. It is also 
necessary to use a polyvalent serum as the infection is usually a mixed one. 
The injections should be repeated frequently (every 8 to 12 hours). In cases 
of severe infection with advanced toxiemia, prompt intravenous injection of 
a large dose of serum forms the only chance of a cu«« 

In civil practice, in cases of suppurative ap; tis and intestinal 

obstruction, where anaerobic toxiemia has been fo»- play an important 

part, large doses of antiserum should be admh. at the earliest 

opportunity. 
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Prophylaxis: —In all lacerated wounds, suspected to be grossly con¬ 
taminated, injection of a polyvalent 44 antigas ” serum should be given as a 
prophylaxis. It is always desirable to combine the antigas-gangrene with 
antitetanic, serum, as both the infections may co-exist. Similarly, in 
major surgical operations for intra-abdominal inflammatory and other con¬ 
ditions, a prophylactic dose (4,000 units) of antigas serum should be given 
before the operation is undertaken. 

Surgical prophylaxis 

(r) As deficient blood supply favours anaerobic infection, special care 
should be taken to avoid the prolonged application of a tourniquet, tight 
bandage and similar appliances. 

(2) Dry hard dressings and tight plugging should not be used in 
infected and lacerated wounds. These impede circulation and prevent efficient 
drainage. Pent-up secretions aid anaerobic infection. 

(3) Scrupulous cleaning of wounds and if possible, complete excision 
ol a grossly soiled lacerated wound should be undertaken at the earliest 
moment. 

(4) As shock and haemorrhage lower general vitality and favour tissue 
devitalisation, all attempts should be made to combat these complications. 

In dealing with a case of gas gangrene, certain precautions should be 
taken. These are as follows: — 

(a) Isolation of the case is absolutely essential to prevent the spread 
of contamination to other cases, when it is in a hospital. 

(b) All dressings soaked with the discharge from the wound should be 
burnt. 

(c) Gloves should be used in handling such a case and all instruments 
should be set apart for the case. These should either be discarded or pro¬ 
perly sterilised, preferably in an autoc lave. 

Laboratory diagnosis 

Fluid from an infected wound or a portion of the infected muscle may be 
selected for examination. Microscopical examination of a smear made 
from such a material and stained by Gram’s method may help to determine 
the nature of the organisms present. The material is then inoculated into a 
suitable medium, preferably cooked-meat medium. This will of course allow 
the growth of all kinds of organisms, including the anaerobes. A little of 
this mixed growth is heated to 8o°C\ for 20 minutes, in order to destroy all 
aerobic and vegetative anaerobic forms and then plated on blood or glucose 
agar and incubated anaerobically. Single colonies may form which may 
then be studied in the usual way. Agglutination tests and animal inoculation 
experinumts should always be done* for identification and study of toxin- 
formation respectively. 

I he identification and separation of the individual bacteria require expert 
knowledge and much technical skill. The difficulty is specially increased 
because different varieties of the anaerobes are always intimately mixed up. 
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For example, Cl. sporogenes and Cl. welehii may be so mixed up that they 
are separated with dilhrulty after prolonged and repeated cultivation in 
glucose broth. 

A very useful method of isolating the organism in pure form is to 
emulsify the exudate from a suspected wound and to inject it intravenously 
into a rabbit. The animal is killed after a few minutes and then placed in an 
incubator for 5 to 6 hours. The animal will be found to be distended with 
gas. The organisms may then be isolated from the liver or heart’s blood 
almost in pure form. 

In the final identification, protection experiments should always be done 
For instance, if a mixture of Cl. welehii, Cl. septique and Cl. (edematiens be 
inoculated into a guinea-pig which has already received a prophylactic 
injection of anti-serum prepared against the latter two bacteria, then Cl. 
welehii alone will grow and infect the general circulation. Thus, by suitable 
combinations, the different pathogenic varieties may be identified. 

Isolation of ( 7 . welehii from stool may be* done in the following way: — 
Five c.c. of a fiecal suspension in saline are inoculated into a tube of freshly 
boiled milk. The tube is heated to So°C. for half to one hour to destroy all 
the vegetative forms of bacteria. After this, it is incubated anaerobically. 
I he “ stormy fermentation ” indicates thi- presence of Cl. welehii. Plating 
may be done subsequently for purification. 

ORGANISMS OF GAS GANGRENE 

SACCHAROLYTIC GROUP— Tin • important members of this group 
which causes gas gangrene are Cl. welehii, Cl. erdematiens, Cl. septique, and 
Cl. fallax. 

CLOSTRIDIUM WELCHII 
(B. welehii). 

Synonyms:— B. aerogencs capsulatits, B. perfringens, B. enteritidis 

sporogenes. 

First described by Welch and Nuttall in i8q_». 

Morphology : —It is a long, rod shaped bacillus, forming a large, oval 
and central or subterminal spore. It possesses a very well-marked capsule 
inside the* animal body. It has no flagella and is non-motilc. 

Cultural characters: —It grows ill all the usual laboratory media but 
requires strict anaerobic conditions and prolonged incubation, even as long 
as 15 days. 

On the surface of a glucose agar plate, the colonies are discrete, round, 
opaque and the edges slightly crcnated. Their consistency is butyrous. 

In deep stab cultures and shake cultures, there is m» nun'll gas formation 
that the entire medium is broken up and scattered. 

There is good growth rn broth, with the prod in' 
smell. 


. gas and a sour 
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Biochemical reactions:— The organism is mainly saccharolytic with 
little or no proteolytic action. It is commonly termed “ gas bacillus,” be¬ 
cause of its production of much gas. 



Cooked meat medium —Luxuriant growth takes 
place in this medium, producing acid and gas and a 
sour odour, the meat being turned pink in colour. 

Litmus milk —It produces acid, gas and clotting. 
The formation of gas is so abundant that its action on 
this medium is referred to as “stormy fermentation” 
(Fig. 227). 

Sugar fermentation —It ferments glucose, maltose, 
lactose and saccharose with the formation of acid and 
gas. During the process of growth, specially in a 
medium containing sufficient fermentable carbohy¬ 
drates, there is production of a large amount of organic 
acids which inhibit the growth of the bacilli and the 
latter may ultimately die out. This is a very important 
factor and has already been discussed in connection 
with the pathogenesis of gas gangrene. 

Gelatin is liquefied. 

Coagulated serum medium or egg medium—There 
is no digestion or liquefaction of proteins in these 
media. 

Blood agar —The organism produces marked 
haemolysis. 


Fig. 227. 

Growth of Clostridium 
welchii in litmus milk, 
showing stormy fer¬ 
mentation. 


Viability: —T he vegetative organisms cannot 
stand the action of heat, sunlight and desiccation more 
than any other pathogenic micro-organism. The spores, 
on the other hand, are very resistant and may remain 
alive for months and years. It requires boiling for 


about half an hour to destroy these spores completely. 


Toxin production: —The organism produces a very powerful exotoxin 
which causes tissue necrosis and damage to the supra-renals. Like other 
pathogenic anaerobes, it produces aggressins which produce a negative 
chemiotaxis and thereby repel the leucocytes from the area of infection. 
Some strains produce haemolysin and leucocidin. 

Serological considerations: —Injection of washed spores or bacilli 
into the peritoneal cavity or blood of laboratory animals gives rise to the 
production of specific agglutinins. By repeated injections of the toxin in 
sublethal doses in horses, a powerful antitoxic serum has been produced. 
The latter neutralises the extracellular toxin in vitro as well as in vivo. 
Hence, when animals are previously injected with a sufficient dose, it 
protects them when subsequently inoculated with a broth culture of the 
organism. 
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Pathogenicity :—All the pathogenic effects are due to the action of 
its extracellular toxin. When a susceptible laboratory animal is inoculated 
with a little broth culture of the Cl. welchii, there is a local swelling, spread¬ 
ing (edema with gas formation and death in 24 to 48 hours. The organisms 
usually invade the internal organs and clumps of bacilli may be found inside 
the capillary vessels of the liver, spleen, kidneys and lymphatic glands. 
Histologically, the picture presents a very characteristic appearance. The 
muscles and other tissues undergo a sort of quiet necrosis without any accu¬ 
mulation of leucocytes—a characteristic unlike that which is always such a 
constant feature in all inflammations induced by pyogenic and other patho¬ 
genic micro-organisms. The animals which are particularly susceptible to 
Cl. welchii are pigeons, guinea-pigs and mice. 

in man, Cl. welchii is one of the most important agents in the produc¬ 
tion of gas gangrene. 

Role of the Cl. welchii in General Surgical Conditions: —Apart from 

the production of gas gangrene in infected wounds, these anaerobic organ¬ 
isms are gradually being found to be important pathogenic elements in 
various surgical conditions in civil life. For instance, gas gangrene 
producing anaerobes have been isolated from suppurative inflammatory 
conditions of the vermiform appendix, as well as after major abdominal 
operations. The toxins of these organisms add to the seriousness of the 
primary condition and their invasion into the muscles and cellular tissues ol 
the abdominal wall produces necrosis and gas production. In cases of 
strangulation, intussusception, volvulus and similar conditions causing acute 
intestinal obstruction and gangrene of a portion of the gut, the Cl. welchii 
and its pathogenic associates (which are inhabitants of the intestinal tract) 
find favourable conditions for growth and multiplication. The result is a 
\er\ serious grade of toxiemia with invasion of other tissues of the body. 
The very high degree of mortality in these cases has been found, of late, 
to be due, in great part, to the toxins of Cl. welchii. 

CLOSTRIDIUM SEPTIQUE 

Synonyms: — I ihrion seplique (Pasteur), B. (vdemulis nuiligni (Koch). 

Pasteur and Joubert, 1877. 

Morphology —'This is a thin, rod shaped bacillus which forms oval, 
subterminal endospores. It possesses many pcritrichate flagella and is 
actively motile. In a fresh specimen of blood - guinea-pFg dying of this 
infection, the organisms appear in long u.,: '..big chains which move 
among the blood cells as serpents in the gras *eur). Such serpent-like 

forms are also seen in a wet preparation fro.. liver of the guinea-pig. 

This is an important feature by means of wh organism can be distin¬ 

guished from Cl. chauvoei with which it clo^ -mblcs. 
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Cultural characters :—It grows practically in all the common labora¬ 
tory media in the same way as Cl. welchii, with much gas formation and 
complete breaking - up ol the medium. I his is particularly so in the case 
of a deep stab or shake culture. There is also production ol a rancid odour. 
The surface colonies, however, differ from those of Cl. welchii. They are 
more or less transparent, and somewhat spreading, with markedly fimbriated 
margins resembling a tern. 

Biochemical reactions: —The organism is mainly saccharolytic with 
very little proteolytic action. 

Cooked meat medium —In the cooked meat medium, there is acid and 
gas production with sour odour, the meat being turned pink in colour. 

Litmus milk is clotted and turned acid. The process of clotting 
is usually delayed to 3 to 4 days and the formation of gas is not so pro¬ 
nounced as in the case of Cl. welchii. 

Sugar —It ferments the common sugars with the production of acid 
and gas. 

Gelatin is liquefied completely. There is neither digestion nor lique¬ 
faction of protein in the coagulated serum or egg medium. 

Toxin production —The organism produces a very powerful soluble 
exotoxin and hannolysin. 

Serological reactions —The washed bacilli, when injected into rabbits, 
can give rise to the production of specific agglutinins. Such agglutinating 
sera are used for the identification of the organisms. By this means, four 
serologically different types of the organism have been isolated. 

The injections of exotoxin into an animal give rise to the production of 
an antitoxin in the blood of that animal. Such antitoxin will neutralise the 
toxin and its effects, when injected in suitable amounts into an infected 
animal. Commercially, large amounts of anti-toxic sera are produced by 
immunising horses. 

Pathogenicity —The pathogenic action of this organism depends 
entirely on its extra-cellular toxin. When a little broth culture is injected 
into the tissues of an animal, there is developed an extensive (edema and gas 
formation at and near the site of the inoculation and the animal dies of 
toxaemia within 12 to 24 hours. Post mortem, the muscle fibres which are 
deep red in colour are separated by oedema and gas formation and there is 
discharge of a dirty blood-stained fluid. The bacilli enter the blood stream 
at a very early stage and are found in large numbers in the liver, spleen and 
other internal organs. 
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Naturally, this organism causes fatal diseases in animals, such as black¬ 
leg and an acute haemorrhagic inflammation of the stomach and duodenum 
of sheep. 

In man, Cl. septique constitutes one of the most important elements in 
the causation of gas gangrene. 

CLOSTRIDIUM (EDEMATIENS 
(B. novyi) 

Synonym :—( 7 . novyi . 

Novy, 1 Sc ^4 ; Weinberg and S6guin, 1915. 

This is another spore-bearing anaerobic bacillus which is an etiological 
agent of some importance, in the production of gas gangrene in man. It 
resembles the previous two organisms in morphology, staining reactions and 
cultural characteristics, and like them, produces a very powerful extra¬ 
cellular toxin which is latal to laboratory animals. When a culture is 
injected into the animal tissue, there is production of gangrene with (edema 
and gelatinous exudation. The gas formation is, however, not very marked 
as in the other two organisms. The surface colonies are irregularly rounded 
and translucent with a sponge-like surface. The organism is mainly 
saccharolytic with very little proteolytic action. 

CLOSTRIDIUM FALLAX 
(B. fallax) 

Weinberg and S6guin, 1918. 

This organism resembles Cl. welchii and for this reason was mistaken 
tor it, hence the name fallax. The organism is motile. The spores arc 
oval and subterminal but are not readily formed. The organism is mainly 
saccharolytic and has no proteolytic action. It litmus milk it produces acid 
and (dotting; sometimes gas is formed but this occurs slowly (cf. Cl. welchii). 
A11 exotoxin is formed and the organism is pathogenic to guinea-pigs when 
freshly isolated. Its relation to the etiology of gas gangrene has already 
been considered. 

Other members of the saccharolytic group of anaerobes may often be 
found in gas gangrene associated with the more important pathogenic 
groups, but their individual pathogenicity is doubtful. 

PROTEOLYTIC GROUP —The organisms ' led in this group are 

Cl. histolyticum, Cl. sporogenes, Cl. a?rofcetio’.d Cl. bifermentans, of 

which the first two are only important. 
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CLOSTRIDIUM SPOROGENES 
(B. sporogenes) 

Described by Metchnikoff in 1908. 

The organism is motile and possesses an oval and subterminal spore. 
Surface colonies are wooly and rhizoid. It is both proteolytic and saccharo- 
lytic but the latter action is not so marked. It does not produce any soluble 
exotoxin and is non-pathogenic to laboratory animals. In the production of 
gas gangrene, it appears to exalt the virulence of Cl. welchii. 

CLOSTRIDIUM HISTOLYTICUM 
(B. histolyticum) 

Weinberg and S6guin, 1916. 

The organism resembles Cl. sporogenes but is actively proteolytic. It 
produces a soluble exotoxin and is pathogenic to laboratory animals. Intra¬ 
muscular injection of 1 c.c. of a young broth culture into a guinea-pig causes 
at the end of 1 2 to 24 hours digestion of the skin and muscles down to the 
bone. This is a very striking feature, because, inspite of tin* intense local 
lesion, the health of the animal remains unaffected. 

Role of the proteolytic group in gas gangrene. 

The proteolytic group of the anaerobic bacteria, although present in 
gas gangrene, can never produce the lesions by themselves. They colder 
a very offensive and foul odour to their culture and to gas gangrene. They 
arc not very pathogenic to laboratory animals nor do they produce any 
symptoms of general intoxication, like- the saecharolx tie group. Ow ing to 
their power of digesting and liquefying proteins, they produce a large- amount 
of tissue-liquefaction which provides a good pabulum for the- pathogenic 
saccharolytic group to grow and multiply. Another very important factor 
is the liberation of a very considerable amount of ammonia during protein 
decomposition and this helps to neutralise the large quantities of organic 
acids which are liberated by the saccharolytic group and which always tend 
to inhibit and limit the activity of the latter. Thus, it will be seen that the 
proteolytic anaerobic bacteria are always intimately associated with the 
pathogenic members of the gas gangrene producing bacteria and are present 
in the lesions in symbiosis. 

For the use of the coloured diagrams and photomicrographs of gas 
gangrene our best thanks are due to the British Medical Research Committee, 
to their artist, and to the editor of the British Medical Journal. 



Table showing the properties of the important members of the Clostridia group. 



P and S = marked proteolytic and saccharolytic action; p and s—slight proteolytic .and saccharolytic action. 
-f=positive; -f + =marked positive; o —nil or no change; AC = acid and clotting. 
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COLI-TYPHOID-DYSENTERY GROUP OF 
ORGANISMS 

(Gram-negative intestinal organisms belonging to the genus Bacterium.) 
This group is divided into 3 sub-groups as follows: — 

I. Escherichia or the colon group. 

1. Escherichia coli (B. coli communis). 

2. Escherichia connmtuior (I?, coli coinniuuior). 

3. Escherichia acidi lactici (B. acidi laitici). 

4. Aerohacter arogenes (B. laitis arogenes). 

5. Aerohacter cloaca' (B. cloaca*). 

6. Proteus vulgaris (B. proteus). 

These are found to he the normal inhabitants o! tlu* intestinal tracts of 
man and other animals. Ordinarily, these* appear to be non-pathngenic; 
but, under abnormal conditions, they may cause acute or chronic injective 
lesions in the urinary tracts and elsewhere. 

II. Eberthella or the typhoid-dysentery group. 

1. Ehertliella typhi (B. typhosus). 

2. Ehcrthella dyseuteriie, Shiga (B. dwnU-ria, Shiga). 

3. Eherthellu paradyseuterite (B. dysontnia-, I'l**\n»T). 

4. Eherthellu dxseulerLe, Schmitz (Silimit/ haiillus). 

5. Eherthellu dyseuteriie, Sonne (Sonne's haiillus). 

III. Salmonella or the food-poisoning group . 

1. Salmonella paratyphi (B. paratvphosus A). 

2. Salmonella schottmulleri (B. paratvphosus B). 

3. Salmonella hirschfeldi (B. paratyphosus C). 

4. Salmonella enteritidis (B. rnteritidis, G;ei tiler). 

5. Salmonella a'rtrycke (B. aerlrycke). 

0. Salmonella morgani (B. morgan No. 1). 

7. Salmonella typhi murium (B. typhi murium). 

8. Salmonella suipestifer (B. suipestifer). 

9. Salmonella psittacosis ^B. psittacosis). 

10. Salmonella gallinarum (B. gallinarum)—Xon-motile. 

11. Salmonella pullorum (B. pullorum) — Non-motile. 
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GENERAL CHARACTERS OF THE GROUP 

Morphology• —These* organisms vary in size, measuring about 2 to 4 p 
in length. Most of them possess multiple peritrichale flagella, with the 
exc eption of the dysentery group of organisms. They are all non-sporing 
and non-eapsulated. 

Staining reactions: —They stain readily with all aniline dyes and are 
all Gram-negative. Special stain is neeessary lor exhibiting flagella. 

Cultural characters: —They are easily grown in ordinary culture 
media. Special media are, however, used for their isolation. 1 he general 
basis of these media depends on the presence ol lactose, an indicator and an 
inhibiting agent for other bacteria. Incorporation of telluric ac id and brilliant 
green in the medium assists the growth of pathogens and inhibits that of 
the* non-pathogens. 

Biochemical reactions :— 

1. Sugar fermentation — Escherichia group ferments lactose, whereas 
Eberthella and Salmonella groups do not ferment this sugar. In glucose, 
Salmonella and Escherichia groups produce acid and gas, whereas Eberthella 
group produces acid only. 

2. Litmus milk — Two types of reaction are found in this medium. The 
one is an immediate reaction which occurs during the first 24 hours and is 
characterised by the decomposition of the* lactose in the milk with the libera¬ 
tion of acid which produces c urdling, e.g., in Escherichia group. The other 
whic h is a remote reac tion is characterised by the production of alkalinity due 
to the breaking up ol the* proteins, e.g., in Eberthella and Salmonella groups. 

4. hnlol tormatian —This is usually negative with the Eberthella and 
Salmonella, blit positive with the Escherichia, groups. 

4. Gelatin —None of the members liquefy gelatin, except Proteus vul¬ 
garis and Aerobactor c loaca*. 

Classification: —The sugar fermentation reactions form an important 
means of differentiating the various members of the group. The main basis 
of the* classification re*sts on their power to ferment lactose* or not, i.c., the 
first differentiation is made into lactose fermenters and non-lactose fermen¬ 
ters. file* latter are further differentiated by their action on glucose as 
shown in the* table below: — 

Lactose:** 


Lactose tormentors. 
Escherichia group. 
Exception—Proteus 
vulgaris. 


Fermentation with the production of acid only 
(Non-gas producer). 

Eberthella group (Typhoid and Dysentery 
bacilli). 


Non-Inctose fermenters. 

Eberthella & Salmonella groups. 

1 

Glucose. 


-ation with the production 
* and gas (Gas producers). 
'‘tfmonelUt group. 
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Character of colonies on the special media 


MacConkey’s medium 
Con radi Drigalski medium 

Endo's medium 
Brom-crcsol-purple medium 


Lactose fermenters. 
Rose pink colonies. 
Red, opaque and large 
colonies. 

Red colonies. 

Yellow colonics. 


Non-lactose fermenters. 
Colourless colonies. 
Blue, transparent and 
small colonies. 
Colourless colonies. 
Purplish blue colonies. 


JSerological reaction: —Pathogenic members of the g-roup produce 
specific and group agglutinins. This fact can be utilised in two ways, 
firstly, to identify the organism and secondly, to diagnose the disease 1 . 


Pathogenicity: —Eberthella and Salmonella groups are distinctly 
pathogenic. Escherichia group is non-pathogenie under normal circum¬ 
stances. 


EBERTHELLA TYPHI (Bacterium typhosum) 
(Bacillus typhosus) 


The causative organism of typhoid fever in man. 


HISTORICAL: - The organism of typhoid fever was first described in the 
rear 1880-81 by Eherth who observed it in the intestinal ulcer and in the 
spleen of autopsy cases of typhoid fever, (iaffky, in 1884, first isolated the 
organisms in pure culture from the spleen. He not only saw the bacteria 
referred to by Kberth but also investigated their cultural characters. The 
organism is commonly ('ailed B. typhosus and it is sometimes referred to as 
Eherth-Ciaffky bacillus. Its new nomenclature is Eberthella typhi (Bac¬ 
terium typhosum). 




Fig. 228. 

Eberthella typhi. 

Note the per it rich ate flagella. 


HABITAT: — The bacilli are not pre¬ 
sent normally in the intestinal traits 
of man but only under pathological 
conditions. They are always found in 
the excreta of patients suffering from 
typhoid fever, as well as of carriers. 

MORPHOLOGY: -The organism is 
a rod-shaped bacillus, measuring about 
2 to 4 p in length by 0*5 p in breadth. 
It is very actively motile and possesses 
multiple perilrichale flagella (Fig. 228), 
the number of which varies from 8 to 
14. The individual flagellum is much 
longer than the bacillary body, being 
h to 8 p in length. Special stains arc* 
necessary to demonstrate the presence* 
of flagella. It is a tion-sporing and 
non-ca psula t ed organ ism. 


STAINING REACTIONS: —With aniline dves, it is stained readily and 
js Gram-negative. 
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CULTURAL CHARACTERS:— I'he bacilli grow quite easily in ordinary 
media. In broth, there is an uniform turbidity. There may be a pellicle 
formation on the surface, specially when it is grown for a few days. In 
tiutrienl agar, the organism forms small, clear, translucent colonies. 

BIOCHEMICAL REACTIONS: —The organism ferments glucose, mal¬ 
tose and mannitc, with the production of acid only but no gas. It has, how¬ 
ever, no action on lactose. It does not liquefy gelatin and never forms indol. 
In litmus milk, the organism produces a faint trace of acidity without any 
coagulation of tin* medium (a control tube should always be used). 

Character of the colonies in special media 

Mart.'onkey 's medium— -colourless. 

Kudo *s medium- — colourless. 

('onnuti-I)rigalshi's medium —blue. 
lirotn-cresol-purple medium - purplish blue. 

Uilsitn-lilair's medium —ldark. 

For the preparation of selective media, see page 68. 

COLONY VARIATION: —During repeated subcultures in artificial media, 
two main types of colonies are observed (Fig. 220). The one, the smooth type, 
consists ol normal bacilli, possessing all the typical qualities of E. tvphi (B. 
typhosus), \i/., motility, agglutinating property and antigenic power. 
Fathogenicity of such organisms is normal. 


_ j 


Fig. 229. 

Smooth (S) and rough (IO colonics ot * Ha typhi . 

The other, the rough type, consists of bad!: are self-agglutinating, 

possess no antigenic power and are avirulent. 

Note :—1 hey retain these acquired char... .« s even after suitable 
subculture and animal passage. 
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VIABILITY: —E. typhi (B. typhosus) cannot exist for a long- period out¬ 
side the human body. Its existence depends, to a large extent, on the 
following- conditions: — 

(1) Temperature -—The bacilli rapidly die out when exposed to a tempera¬ 
ture of 6o°C. 

(2) Sunlight —When exposed to direct sunlight, the bacilli are readily 
killed. 

(3) Drying —They cannot withstand desiccation. 

(4) Presold* of Escherichia coli or other soil bacteria definitely inhibits 
and ultimately destroys the growth of K. tvphi. 

Thus, the conditions met with outside the human host are not favourable 
to their prolonged existence. They can, however, survive long enough to 
be capable of transmitting the disease. For instance, they remain alive in a 
sample of stool from 2 days in the superficial portion to about 15 days in the 
centre of the fjecal mass. When they gain entrance into water, they may 
live for another 5 to 6 days and, if again the contaminated water is at or 
about the freezing point, they may survive for weeks together. In this way, 
the period of survival may be long enough. One should bear in mind, how¬ 
ever, that there is no multiplication of the organisms in such a condition. 

In some countries, people are accustomed to eat raw' uncooked oysters 
which may harbour typhoid bacilli, particularly when the latter are collected 
from a place where sewage water flows. The bacilli may survive inside the 
oysters for nearly three weeks and then disappear, being killed or digested. 

TOXIN PRODUCTION:— E. typhi does not secrete a true 1 soluble toxin, 
i.e., there is no exotoxin. Toxic product of the* organism is of the* nature 
of an endotoxin and is produced either (i) by lysis of the* bacterial bodies in 
the infected animal or (ii) by the action of ferments e>n the bacterial protein. 
The true nature of these endotoxins has, however, not ye t been fully deter¬ 
mined. 

It should be noted that the specific toxins of K. typhi show- a selective 
preference for the lymphoid tissues of the small intestine and spleen. 
As Eberthella typhi belongs to the pyogenic group of organisms, it may lead 
to pus formation at its site of lodgment. 

In the endotoxin, a substance is present which, on intradermal injection 
into a rabbit, prepares the skin of the animal in such a way that an intraven¬ 
ous injection of the same material, 24 hours later, causes an acute purpuric 
and necrotic reaction at the site of the intradermal inoculation in 2 to 5 hours. 
This is w’hat is known as Shwartzman's phenomenon. It should be noted 
that both the preparatory and the reacting agents are identical and are com¬ 
mon to widely different bacterial groups, such as N. meningitidis, H. per¬ 
tussis, etc. The reaction can, however, be neutralised specifically by an 
immune serum. 
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SEROLOGICAL REACTIONS: —When a broth culture of E.. typhi is 
injected, in suitable closes, either intraperitoneally, or better still, intravenous¬ 
ly, into a rabbit, certain antibodies appear in its blood after a week. These 
antibodies art! mainly of the nature of agglutinins which tend to make the 
E. tvplii lose their motility, come together and form clumps. These agglu¬ 
tinins were* formerly considered to be specific for the typhoid organisms. A 
good deal of work has recently been done on this subject (vide p. 166) and 
many interesting observations have been made regarding the nature and 
qualities of such antibodies. For instance, the typhoid bacilli consist of two 
elements, the bacterial body (somatic endoplasm) and the flagellar elements. 
It has been found definitely that each of these elements forms a separate 
antigenic constituent and is capable of giving rise to the production of its 
own type of antibody in the serum of an inoculated rabbit. 

The antigen consisting of the bacterial body has been called the O or S 
antigen or the endoplasmic antigen and the corresponding antibody which 
it produces is called the () or S agglutinin. These C) agglutin»k are heat- 
stable and are not destroyed even at a temperature of ioo°C. They pro¬ 
duce very fine, compact granular masses in a Widal’s test. These agglu¬ 
tinins are, however, very important for the production of active immunity 
and are responsible for the actual bacteriolytic phenomena. Hut they are 
not specific, as they will react to bacteria of allied species. 

The antigen which consists of the flagellar elements has been termed the 
H antigen or the ectoplasmic antigen and its corresponding antibody is called 
the H agglutinin. These H agglutinin* are somewhat delicate, being des¬ 
troyed easily at a temperature of 7o°C. They produce large, loose, fioccular 
masses which usually settle down at the bottom of a tube when doing a 
Widal's test. The H agglutinin is absolutely specific for the typhoid bacillus, 
but it does not play any ver\ important role in the production of active 
immunity. In a naturally infected person or in one artificially inoculated 
with prophylactic vaccine, both tin* C) and the H agglutinins are developed, 
although the latter develops in a much larger proportion. 

ANIMAL INOCULATION: —Although F. typhi do not cause typhoid 
fever in laboratory animals (excepting the anthropoid apes), yet an injection 
of a living culture of the organisms, either into the peritoneal cavity or into 
the veins of these animals, causes septicsemia and death. A subcutaneous 
injection in sublethal doses causes a local abscess formation. 


PATHOGENICITY 


No animal, except man, suffers from typhoid fever . 


Mode of infection: —Infection takes • 
In most cases, there is usually a direct or 
suffering from the disease or with a carrier. T 
of the digestive tracts, through contaminat 
very important in the transmission of the d' 
bacilli and contaminate the above vehicles. 


from outside contagion. 
: contact with a patient 
• Hi gain entrance by way 
! and drink. Flies are 
as they may carry the 
rriers (vide p. 423) also 
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play an important part in the spread of the disease, particularly when they 
are employed in the kitchen or in a dairy farm. Thus the potent sources of 
infection arc the following’: — 

(i) Water supplies contaminated with heces containing the organisms. 

(ii) Milk, milk products (ice cream) and other food stulfs contaminated 
by a carrier or flies which carry the germs mechanically from heces to food. 

(iii) Ovsters, watercress and other uncooked vegetables (salads) which 
have been polluted with sewage contaminated by typhoid beees. 

Stomach acts as a barrier to infection and this is due to the presence 
of the hydrochloric acid in the gastric juice. If, however, the acid content 
is low’, as happens when the stomach is empty or when the gastric juice 
is very much diluted by taking a large quantity of fluid, the bacilli escape the 
destructive effect of the latter and may pass on to the duodenum and jejunum 
where, in the alkaline medium, they can multiply. They then gain entrance 
into the mesenteric lymph nodes through the lymph follicles and Fever’s 
patches in the wall of the small intestine. From the latter they enter the 
general circulation via the lymph stream and are then carried all over the 
body. Thus, it is seen that typhoid fever is primarily an infection of the 
lymphoid tissues of the small intestine, tollo'ived later by a condition of 
hacillcemia and still later, by a generalised infection. 

Course of the disease :—This can be desc ribed under the billowing 
stages: — 

1. Stage of injection or bacteriicniia: —In this stage, the organisms 
multiply rapidly in the lymphoid tissues from which they are discharged into 
the circulation, producing a condition of bacteruemia. During this proc ess, 
many of the bacilli are killed, liberating their endotoxins which, however, 
must reach a sufficient concentration to produce the clinical clients o! tvphoid 
fever. This period which is t ailed the incubation period is generally 2 to 3 
weeks. 

2. Stage of localisation of the bacilli :— As stated above, the particular 
tissue which is selected by the typhoid bacilli is the lymphoid tissue, specially 
that of the intestines, mesenteric lymph nodes and the spleen. 

3. Stage of development of immunity and healing of the lesions. 

4. Stage of convalescence with associated complications. 

Lesions of Ebcrthella typhi may, for the sake of convenience, be des¬ 
cribed under the following heads: — 

1. At the site of entrance , i.e., in the small intestine ;m<| mesenferit lymph nodes. 

2. Effects of generalisation of the organisms and their ultimate localisation in the 
following organs :— 

(i) Biliary passage's. 

(ii) Urinary system. 

(iii) Integumentary system. 

(iv) Osseous system. 

(v) Meninges. 

3 . Effects of the toxins on the muscular an,I hmmopoiHir sy*|„„s 
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AT THE SITE OF ENTRANCE 

Intestines: —The evolution of lesions in tlu* intestine and their subsequent 
fate may be described in the following stages: — 


St age of hvpericmiu and swelling of the lymphoid follicles: —It has 
already been mentioned that the organisms gain entrance through the lym¬ 
phoid stnatures of the* small intestine and multiply rapidly in the same 
locality. The endotoxins which are liberated by the death and disintegration 
of some of the organisms, produce marked vascular engorgement and hyper¬ 
plasia of the lymphoid structures. As a result ot this, they appear swollen 
and raised above the surrounding surface (Fig. 230). The cellular hyper¬ 
plasia consists of an excessive proliferation of the small 



Fig. 230. 

Early into * t i 11 a 1 
It's 10ns in a case of 
typhoid fever, show¬ 
ing hyperplasia of 
P e y e r’s patches. 
Duration of the dis¬ 
ease is about a week. 


mononuclear ('ells whit'll abound in these areas, together 
with an irritative hyperplasia of the endothelial cells of 
the capillaries and the ('ells ot the reticulo-endothelial 
sNstem. There is also a certain 


amount ot catarrhal and necrotic 
changes in the superficial epithe¬ 
lium. The whole process takes 
about a week. 

Stage <>! necrosis: — Degenerati\e 
changes, however, begin to appear 
vcr\ soon in these prominent l\m- 
phoid areas whit'll undergo eoagula- 
tivc necrosis (Fig. 231). Sut'h a 
( hange is primarily brought about 
b\ an alteration in the blood sup¬ 
ply due to the obliteration of the 
lumen ol the capillaries, either by 
thrombosis or b\ an excessiw* pro¬ 
liferation ol thi' capillary endothe¬ 
lium. 

Stage of sloughing and ulcer for¬ 
mation: — The necrotic mass now 
sloughs out with the formation of 
an ulcer (big. 232). According to 
the severity of the lesion, serious 
results may occur during the pro¬ 
cess of sloughing. At the time of 
separation ol the sloughs, a blood 
vessel may be eroded, giving rise 
to a severe and sometimes fatal 
hamiorrhage (during the second to 
the fourth week) from the intestine. 



Fig. 231. 

Intestinal lesions in 
the second week of 
typhoid fever, show¬ 
ing the stage of 
necrosis. 


If the ulcer extends too deeply, reaching the peritoneum, it may cause either 
peritonitis or perforation (this occurs usually in third week). It is to be 
noted that when perforation occurs, it is mo-■ ■ ->n within the last one 

loot of the ileum, because it is in this part . Iu* lymphoid elements. 
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Fig. 232. 

Intestinal lesions between tbe 
second and the third week 
of typhoid fever, showing the 
separation of slough and the 
formation of ulcer. 


viz., the solitary lymph follicles and the Fever’s 
patches, are most numerous. Hence, this part 
of the gut has to bear the brunt of the disease. 
The stage of sloughing usually occupies about 
a week. 

Stage of healing :—The ulcers, after re¬ 
maining in this stage for varying periods, 
begin to heal up by the formation of granula¬ 
tion tissue. The mucous membrane, however, 
is restored completely so that, if such an intes¬ 
tine is examined later, no sign of previous 
ulceration could be recognised. This pro¬ 
cess is not associated with the formation of a 
cicatrix and theie is hardly any stricture of the 
intestine due to the healing of a typhoid ulcer 
(c/. tuberculous ulcer). 

Description of a typhoid ulcer :— 

1. It is always in tin* small intestine (ileum), limited 

only to the lymphoid follicles and IVo-r’s patches. 

2 . Shape may be round (when the solitary follicles are 

affected) or oval (when the lY\er\s patches are 
involved). 

3. Long axis is longitudinal to the long axis of the 

bowel. 

4. Situation is opposite the mesenteric attachment, 

because of the situation of the lVyer’s patches. 

5. Edges of the ulcers are raised above the surrounding 

mucous surface and moderately undermined. 
Base may show pitted or sieve-like appearance, or 
may be formed by muscular libres or even serous 
coat only. 


Difference between 


Site 


Shape 

Edges 

Base 

Peritoneal surface 
Perforation 


Matting of individual 
coils 

Healing 


typhoid and 

Typhoid ulcer. 

Small intestine; Fever’s 
patches and agminated 
lymph follicles affected. 

Round or oval. 

Raised. 

Pitted appearance. 
Nothing particular. 

Common. 


Not present, unless there 
is peritonitis. 

No sign is left behind; 
unassociated with stric¬ 
ture formation. 


ulcers :— 

Tuberculous ulcer. 

Lymphoid tissues of 
small intestine; spread 
by lymphatics encircling 
the gut. 

'transverse. 

Undermined. 

Mamillated. 

Small tubercles along the 
course of the lymphatics. 
Uncommon (fistulous 
communication between 
different coils of intes¬ 
tines may occur). 

Present. 

Marked scarring; asso¬ 
ciated with stricture for¬ 
mation. 


tuberculous 
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Mesenteric lymph nodes:— -These arc* always enlarged, swollen and 
congested. They arc* soft in consistency, the substance almost becoming 
diffluent in character. In extreme cases, they may suppurate and burst, 
causing peritonitis. Under the microscope, there is a marked dilatation of the 
lvmph sinuses which are filled up by mono-nuclear and endothelial cells. '1 he 
germinal follicles show marked hyperplasia with areas of focal necrosis scat¬ 
tered here and there. 

Spleen This organ is always enlarged (acute splenic tumour) in typhoid 
fever. This is due to (i) a marked vascular engorgement and (ii) hyperplasia 
of the lymphoid and reticulo-endothelial cells. To the naked eye, the spleen 
looks enlarged and its capsule is tense. It is dirty red in colour and looks 
pulpv. It is very soft in consistency, the cut substance feeling almost 
diffluent. Large numbers of bacilli are found in this organ in all stages of the 
disease*. Microscttpically, the following features are found, such as conges¬ 
tion of the splenic sinusoids, proliferation of the lymphoid and reticulo¬ 
endothelial cells, large phagocytic* mononuclear cells carrying red blood 
corpuscles in their cytoplasm and areas of /ecu/ necrosis. 

EFFECTS OF GENERALISATION 

Biliary passages: —Typhoid bacilli show a predilection for the gall bladder 
where they are of almost constant occurrence during the disease. They may 
set up a catarrhal or suppurative cholecystitis. There is evidence that the 
bacilli may pe rsist for many years in the submucous coat of the gall bladder 
where* they live* and multiply and from which they are* periodically discharged 
into the* bile*. In this way, the organ serves as a reservoir for the bacilli not 
onh during the course of the* disease but also afterwards, specially in the 
ftccal carriers. The presence* of the bacilli in the submucous coat of the gall 
bladder keeps up a chronic catarrhal inflammation which may lead to the 
formation of biliary calculi. Ebert India typhi have been isolated from cases of 
gall stones operated on years after an attack of typhoid fever and the bacilli 
have been found alive within the calculi. 

Nervous system: —The disease bears its name from the stuporous con¬ 
dition it produces. Actual cerebral changes, recognisable anatomically, are 
rare. Typhoid meningitis is very rare but, when such signs and symptoms 
occur, it is always due to a condition of hypenemia and turgcscence of the 
mcoinges ( meningism ), together with a fair amount of poisoning of the nerve 
cells (encephalitis). Cerebrospinal fluid, in such circumstances, is under 
pressure but clear. Isolation of E. typhi may be possible. 

Respiratory system: —Typhoid bacilli may produce an initial bronchitis 
and the organism may be isolated from the spinbut broncho-pneumonia 

and lobar pneumonia that may accompany ty;.* fever, are all due to 

secondary infections. The organisms con.. are Streptococci , D. 

pneumonia' and other catarrhal organism • die throat . Broncho¬ 

pneumonia, as a complication of typhoid few*. .ily occurs from the end 
of the second to the fourth week. 
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Kidneys: -The kidneys are usually congested and show evidences of 
toxic nephrosis. True nephritis is rare. Typhoid bacilluriu is fairly common; 
the bacilli continue to be excreted through the kidneys with or without pro¬ 
ducing inflammatory changes in the pelvis. 

Bones and joints: —These are usually involved late in the disease or even 
a long time after. Localised periostitis of the tibia, ribs and other bones may 
take place. There is some involvement of the underlying bones, resulting in 
osteitis, osteoporosis and even suppuration and necrosis. In the discharge, 
typhoid bacilli may be constantly found. It is a very chronic process and 
takes a very long time to heal. Periostitis and osteo-periostitis of the spinal 
vertebne is the cause of the so-called “ typhoid spine." 'The surrounding 
ligaments are more or less involved, resulting in pain on movement. A 
similar inflammatory process affecting the joints of the toes produces the 
condition commonly known as “ typhoid toe." 

Integumentary system :--Rose spots are the characteristic rash of typhoid 
fever. These spots generally appear at the end of the first week and usually 
come in crops. They are seen most commonly on the abdomen. Eherthella 
typhi has been isolated from these rose spots. 

Pysemic abscesses: —Sometimes, during the course of a prolonged case of 
typhoid fever, particularly in its later stages, multiple abscesses may form in 
various parts of the body. Kberthella typhi has been isolated from such 
suppurative lesions. It may also be noted that such a condition may result 
from a Staphylococcid infection of the hair follicles. 

EFFECT OF TOXINS 

Muscular system : —The substance of the muscle fibres shows a sort of 
hyaline degeneration (Zenker's degeneration) which is not specific for tvphoid 
fever but may be found in other acute infective processes. Common muscles 
affected are the abdominal, diaphragmatic and the adductors of the thighs. 
'This degenerative condition in the muscles should always be* remembered in 
connection with certain complications that may arise in the course of typhoid 
fever, such as broncho-pneumonia, persistent tympanitis and rupture of the 
rectus abdominis muscle. 

Heart muscle: —Hyaline and granular degenerations may be detected in 
the muscle fibres. Such myocardial degeneration may account for a soft and 
dicrotic radial pulse. 

Haemopoietic system: —Leucopenia and anaemia in typhoid fever mav be 
due to the paralysing action of the toxin on the bone-marrow*. During 
complications, however, a moderate leucocytic response may be obtained from 
such a marrow*. 


Note. Sometimes, during the late stages of the disease or during con¬ 
valescence, thrombosis of the iliac vein (left side more commonlv) may occur. 
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ROLE OF SECONDARY INFECTIONS 

Various secondary organisms arc responsible for certain complications 
which mav arise during the course of typhoid fever. Thus, inlection with 
pyttgeuie cocci may account for parotitis, broncho-pneumonia and pytemic 
abscesses. I binary (implications, such as pyelitis and cystitis, may in some 
cases be due to Escherichia coli infection. In this connection, it should be 
noted that the invasion of Streptococcus tuvmolyticus through the intestinal 
ulcers, resulting in the production of septicaemia, is based on an erroneous 
idea. Reference lias already been made in the chapter on Streptococci that 
the type of cocci present in the intestinal tracts is Streptococcus fcccalis 
(Enterococcus ) and it is this organism which may gain entrance into the 
blood stream. The pathogenic influence of such a condition in the course of 
txphoid fever is doubtful. 


Carriers 

Alter an attack of the disease, certain individuals remain as carriers and 
harbour the organisms either in the gall bladder, intestines or in the urinary 
tracts. Sometimes, a chronic enteritis or colitis persists and the stools in 
such cases show abundant bacilli. If an investigation is made, it will be 
found that about 11 to u per cent, of convalescent patients excrete the 
bacilli, either in their l.cces or in their urine, for a period of 6 weeks or more, 
after the subsidence of the fever. These are classed as temporary carriers. 
A subsequent investigation of these temporary carriers will show that the 
majority of them have ceased to excrete the bacilli. Only 2 to 3 per cent, of 
cases exc rete the bacilli for more than b months and thus become actual 
chronic carriers, probably for life. It will be noted that a period of 
3 months is taken as an arbitrary standard and patients still excreting the 
bacilli alter that time, are classed as chronic carriers. These may be of two 
t \ pcs, kecal and urinary. 

(1) The percentage of lucal carriers is about 2.5 per cent, and the focus 
of infection in such cases is mostly in the gall bladder and rarely in the 
intestine. It is in the submucous coat of the g r all bladder that bacilli inhabit 
and multiply, producing mild inflammatory lesions. The organisms are dis¬ 
charged intermittently into the bile and then into the fieces. These are other¬ 
wise fit men but complain, from time to time, of pain over the gall bladder 
region with fever. In many of these cases, this continued infection of the 
gall bladder has resulted in the formation of gall stones which eventually call 
for surgical interference. 

(2) / rinary carrier —In 0*5 per cent, of the eases, the condition of 

typhoid baeilluria persists for more than 2 month. r defervescence, some¬ 
times very much longer, and thus helps in the ..nation of the disease. 

The site of infection is the pelvis of the kidm - h. long standing cases, 
there is often an associated cystitis with pyuria. 
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Detection of carriers: —The ultimate diagnosis of such persons will depend 
on the isolation of the bacillus from the faeces, urine or duodenal contents 
or from the pus from a bone abscess. The cases are selected in the lollow ing 
wavs: — 

1. On epidemiological grounds —The source of an epidemic is 
investigated and it is found that either a cook, or a man employed in the 
dairy farm, is responsible for the dissemination of the disease. 

2. T \ T idal reaction —This provides another method of selection. It is 
now generally held that those who give a marked positive reaction six months 
after the fever, are very probably carriers. It should be noted that although 
the reaction is usually positive but it is not invariably so in carriers. 

3. Skin reaction (McKendrick)—A positive reaction is obtained in 
persons who are supposed to be chronic carriers. In order to perform 
the test, about 0 04 to o‘o8 c.c. of a standardised bacterial emulsion is injected 
intradermally. The reaction is said to be positive when a swollen indurated 
brownish papule with an extensive areola appears at the site of the inocula¬ 
tion on the third to the fourth day. 

4. Lastly a previous history of having had the disease and of recurring 
pain and tenderness in the gall bladder region is occasionally helpful. 

After the selection of cases, the bacteriological examination of the 
material collected is tarried out in the usual wav (vide infra). In collecting 
a'Sample of fteces, it is advisable to give the person a preliminary saline purge 
(magnesium sulphate) preceded by a dose of calomel. 'This helps to increase 
the biliary fknv, thereby bringing the organisms from their abode to the 
intestine. 

Treatment ol carriers:— Ibis is very important from the public health 
standpoint, as this is one of the surest measures in the prevention of typhoid 
fever. Various methods, such as intestinal, biliary and urinary antiseptics 
and vaccination have been tried, but to no effect. Removal of the gall 
bladder (cholecystectomy), however, appeared to have cured a considerable 
number of faecal carriers. The wisest course in such cases, therefore, is to 
keep these chronic carriers under observation so that they mav not have any 
chance to contaminate the water supply or to handle food stulls. 

THERAPEUTIC CONSIDERATIONS 

These may be considered under the following heads: — 

( 1 ) Curative :— 

(a) Although K. typhi gives rise to the production of a high concentra¬ 
tion ol agglutinins in the blood of animals and man when injected, neverthe¬ 
less such a serum is neither antibacterial nor antitoxic, when used in an actual 
case of enteric fever. Such a serum, therefore, has no curative effect and 
its use is futile to control an infection. 

(b) Similarly, the administration of a typhoid vaccine for the control 
and cure of an infection has been found to be equally disappointing. It is 
also useless to try to cure the chronic carriers with vaccine therapy. 
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(c) Typhoid bacteriophage:- -Sometimes, in the early days of the 
disease, bacteriophage is employed in the usual wav. But the efficacy of 
such a treatment is doubtful, as it is known that the disease is no longer a 
local one but a bacterkemia with secondary localisation. It is given in doses 
of 2 c.c. e very four hours for 5 or 6 days. 

( 2 ) Prophylactic 

(a) Typhoid paratyphoid vaccine (commonly called T.A.B. vaccine): 
—When we come to consider its prophylactic use, we find a marked differ¬ 
ence. The development of agglutinins and the amount of immunity conferred 
against an infection has been found to be so striking that the use of the 
vaccine has been regarded as a recognised method in prophylaxis. We owe to 
Sir Almoth 11 'right and his colleague Sir IT. Irishman for introducing the 
vaccine inoculation with its immense immunising value in the prophylaxis of 
typhoid fever. The method was not so widely accepted until its introduction 
amongst the fighting population in the Great European War, which definitely 
proved its advantages in reducing both the incidence and severity of enteric 
infection and placed it on a solid basis. Thus, to lake concrete examples, 
reference should be made to Greenwood and Yule's figure (1915), who showed 
that out of 10,378 inoc ulated persons, the incidence of the disease was onlv 

whereas amongst So36 non-inoculated persons, 272 were attacked, i.e., 
about 5 times more. Similarly, Pfeiffer (1922) has shown that the case 
mortality amongst the German army was reduced from 12 to 30 per cent, in 
the non-inoculated to about 2 to 3 per cent, in the inoculated. * ‘ 

Dosage anil Methods ot Adminisfration: —I he vaccine which is most com¬ 
monly employed for this purpose is the one prepared from the smooth type of 
E. typhi (B. typhosus), S. paratyphi (B. paratyphosus A) and S. schottmulleri 
(B. paratyphosus B). A young 24 hours' culture on agar is emulsified in 
saline and sterilised by heating it in a water bath at 6o°C. for one hour; 0*5 
per cent, carbolic acid being used as a preservative. The dose is so regulated 
that 1 c.c. of the vaccine contains 1,000 millions of E. typhi (B. typhosus) 
and 500 millions each of S. paratyphi and S. schottmulleri (B. paratyphosus 
A and B). About 0*5 c.c. of the emulsion is injected subcutaneouslv as the 
initial dose, followed about 8 to 10 days later by another injection of 1 c.c. 
Usually this is enough, but a third injection of i c.c., another week later, 
gives a thorough protection and should be advocated whenever possible. 

Reaction: —Usually, after such a prophylactic injection, the inoculated 
person feels some pain and tenderness locally and malaise and feverishness 
within 6 to 8 hours. In some cases, however, the fever may be high and 
attended with chill and rigor. There is swelling, erythema and oedema at the 
site of inoculation and some tenderness of the proximal lymph nodes. The 
whole condition lasts from 24 to 36 hours, after which both the local and the 
general conditions rapidly improve. On the whole, the reaction is never so 
alarming and so far there is no record of am <crious accident after its 
inoculation. 

Development of Agglutinins:— After a iu" - of injections, the blood 
sciuni ol the individual should be tested for 11. unt of agglutinins deve¬ 
loped. It is usual to find the titre limit for 1 - iR. typhosus) to be i in 
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1,000 or above. The titre limits for the other two organisms, i.e., S. para¬ 
typhi and S. schottmulleri (B. paratvphosus A and B) reach 1 in 500 or 
above. In this respect, it should be remembered that individuals vary widely 
in their responsiveness to antibody formation and for this reason the titre 
limits cannot be placed at any definite level. 

Nature of Agglutinins: —When antityphoid inoculation is made, both the 
flagellar or H and somatic or O agglutinins are developed in the serum of the 
inoculated person. But the formation of H agglutinin is the most marked 
and its titre reaches a very much higher limit. This H agglutinin is 
demonstrated as floccular masses which are sent down at the bottom of the 
tube in doing a Widal’s test. The somatic or C) agglutinin which produces 
fine granular precipitates, forms in very small concentration which hardly 
reaches a titre limit of 1 in 100. Although the latter is present in the serum 
in such a low dilution, nevertheless, most of the protective power depends 
on it rather than on the H agglutinin. 

How long does Ihe effect of inoculation last? 

Normally, the agglutination titre reaches its maximum height from tin* 
sixteenth to the twentieth day after which it progressively falls till the eighth 
week. After this period it remains in the serum in demonstrable quantities 
for months and even years. This small amount of antibody together with an 
increased reactivity of the body cells is enough to protect the inoculated 
individual from an infection. The protective power lasts definitely for about 
a year but fresh inoculations should be undertaken after about one and a half 
years, if the risk of infection be present. 

SOME PRECAUTIONS: —Usually, after the inoculation of a T.A.B. 
prophylactic vaccine, during the first 5 to 6 days, there is no response; in fact, 
the resources of the body are somewhat exhausted. T his period is commonly 
called the negative phase (vide p. 144). After this time, however, the res¬ 
ponsiveness of the tissues progressively increases and this is called the 
positive phase. This will explain why the second dose of the vaccine should 
never be given earlier than a week. It is for this reason also that before 
inoculation, one should see that the patient is in a satisfactory state of health. 
Any ill-health or constitutional depression should form a contra-indication to 
prophylactic inoculation. For the same reason, it is sometimes undesirable 
to inoculate a person who has already been exposed to infection or who may 
be in the incubation period of the disease. 

In the preparation of the vaccine for prophylactic inoculation, the selec¬ 
tion of the strain is of utmost importance. The strain must be of the smooth 
type and also highly motile. It should be highly agglutinogenic. Unless 
these points are carefully attended to, the prophylactic vaccination is bound to 
result in a failure. 

(b) Oral Vaccination; —Although the majority of the European and 
American schools believe in the formation of specific antibodies in the blood 
and tissues for conferring protection on the individual, a new idea has become 
current lately, owing to the interesting theory advocated by Besredka. Ac¬ 
cording to him, the resistance to an attack by E. typhi (B. typhosus) 
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depends entirely on the mucous membrane of the small intestine and if an 
individual sutlers from an attack, it is because the intestinal mucosa fails to 
stop the progress of the bacilli. Thus, according to him, by raising the local 
immunity of the intestinal mucous membrane, the general infection may be 
avoided. Furthermore, he found that the administration of bile, as a 
preliminary measure, considerably helps in the production of such an 
immunity. With this idea, he has introduced oral vaccination as a 
prophylactic method and the ingredient used is a combination of dead bacilli 
with ox bile and is known as bilivaccine. 

Prophylaxis :— 

1. Detection and isolation of the cases. 

2. Disinfection of their excreta, beddings, wearing apparels and the 
hands of attendants. The measures adopted lor disinfection are the 
following: — 

(a) Perchloride of mercury for washing hands. 

(b) Boiling and exposure to sunlight for clothings. 

(c) ('resol and other coal tar derivatives for treating the sewage. 

(d) C hlorination of drinking water during an epidemic. During such 
periods, drinking of boiled \vatcr forms an additional safeguard. 

3. Prophylactic inoculation with T.A.B. vaccine. 

LABORATORY DIAGNOSIS 

The laboratory diagnosis of typhoid fever rests on two factors: — 

(i) Isolation of the organism from the body of the patient and its identi¬ 
fication (bacteriological diagnosis). 

(ii) Serological changes, produced as a result of the infection with 
Eberthella typhi (serological diagnosis). 

Isolation of Eberthella typhi (B. typhosus):— 
The organism is usually isolated from the blood, faeces 
and urine. But it may also be recovered from the rose 
spots on the skin, cerebrospinal fluid, sputum, bile and 
pus in suppurative conditions produced by E. typhi. 

Collection of material:— 

Blood —This is usually taken from one of the super¬ 
ficial veins in the anticubital fossa. Strict asepsis should 
be observed during this procedure. 

Ftcccs —The best wav to collect the material is to 
take it in a fteces tube, as sIk . .. ki Fig. 233. 

Urine —Catheter specin.. h.aild always be prefer¬ 
red. In the case of the 111.wever, the mid-stream 

urine may be taken. 
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Detection of the organism: —Isolation is usually done in one of the special 
media, the most widely employed being the MacConkey’s plate. The orga¬ 
nism is recognised by the following characters: — 

1. Non-lactose fermenter . 

2. Formation of acid but no gas in glucose broth. 

j. Active motility. 

The identity of the organism is then confirmed by the following steps: — 

(a) Determination of its biochemical reactions, such as its action on the 
litmus milk and other sugars. 

(b) Its agglutinability to specific sera—This is of tin* greatest assistance 
in the identification of a suspected bacillus, as E. typhi. For this purpose a 
high titre serum (1 in 2,000 or upwards), obtained by immunising rabbits 
with a known typhoid organism, is kept in the laboratory in an ice chest. 
1 he test is put up with suspensions ot the organism from young broth cul¬ 
tures or preferably, from an emulsion of young agar culture in normal saline. 
The actual test is carried out either bv the “slide method” or bv the use of 
the usual agglutination tubes. If the known high titre serum agglutinates 
the organism to nearly its full titre, the presumption is that the new bacillus 
is E. typhi. It is of importance to note that occasionally a true tvplmid 
bacillus, when freshly isolated from the body, is relatively, or even totally, 
inagglutinable. But usually, it becomes agglutinable after being subcultured 
a few times in the laboratory. 

Some points about the cultural examination of the blood, stool and 
urine:— 


Blood culture —I he possibility ol a success! ill recovery ol the organism 
from the blood depends upon the period of the disease in which the examina¬ 
tion is done. The most favourable time is the early phase of the infection, 
i.e., at the stage of bacteruemia which is usually marked during the first five 
days. The chances of success, however, diminish rapidly after the first week, 
as shown in the following table (Fig. 234): — 


First week 
Second week 
Third week 
Fourth we*»k 
Fifth week 


05, p**r imt. positive. 
70 per cent, positive. 
35 P (> i‘ cent, positive. 
10 per cent, positive. 
2 per cent, positive. 


For a successful result, the JoIIow’ing methods should be followed: — 
Five to ten cubic centimetres of blood should be withdrawn asepticallv from 
a vein, preferably at the bend of the elbow, and transferred immediately 
under sterile precautions to a flask containing 100 c.c. of nutrient broth, either 
with one per cent, glucose or half to one per cent, sodium taurocholate. The 
enrichment with the last two reagents is not absolutely necessary but helpful. 
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WEEKS OF DISEASE 

Fig. 234. 

Chart showing tin* relative importance of blood cultures, stool cultures and 
Widal reactions m different weeks of typhoid fever. 

Another good method is to put the blood into a tube containing* fresh sterilised 
ox-bile. The flask or the bile tube is incubated for 24 to 48 hours, after 
which it may be examined for any growth. Sometimes, the growth of the 
organism may be delayed and one has to wait for 4 to 7 days before pro¬ 
nouncing it as negative. If it is positive, one should find, under the ordinary 
high power of a microscope, highly motile bacilli. Subcultures are then 
made on agar and special selective media, such as MacConkey’s plates. 
Alter 24 hours’ incubation, the characteristic colonies may be noted and 
further studies made regarding sugar reactions and agglutination tests with 
specific high tit re serum. 

1!' the patient stays at a distance from the laboratory and the inoculated 
culture media have to be carried, there is always a risk of contamination, as 
the cotton plug of the flask gets soaked during the transit through jolting 
and violent agitation. Under such circumstances, it is always safe to transfer 
the blood into a long test tube, containing about 10 c.c. of sterilised 2 per 
cent, sodium citrate solution in normal saline. The blood is thoroughly mix¬ 
ed with this citrated saline by rapid rotary movements, after which it may be 
kept inside the bag and carried safely to the laboratory where necessary ino¬ 
culation may be made conveniently. 

Transport by parcel may be facilitated by d* g the blood in a special 

Behring’s venule, containing either sterile citrat. .u* or ox-bile or glucose 

broth. 

Note:—(i) Many failures are due to inocul vith insufficient quanti¬ 
ties of blood. It should always be about 10 c >n no account, be less 

than 5 c.c. 
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(ii) Whenever blood is taken for cultural examination, it is always best 
to take more than what is necessary, so that a portion of it may be collected 
in a dry sterile test tube and kept apart for doing an agglutination test at the 
same time. 


(iii) The clot which is left after collecting the serum from W right’s 
capsule may also be utilised for making cultures (clot culture). 

A few words about the nature of contamination w ill not be out of place. 
The commonest contaminating organism is the Staphylococcus which comes 
in either from the skin surface or from the atmosphere. But the one whic h 
may mislead the pathologist is Bacillus subtilis , the spores of which are very 
resistant and present in the air, dust and imperfectly sterilised glass vessels. 
It is a very highly motile organism and therefore adds more to the confusion. 
But before depending on its morphology and motility only, one should do a 
Gram’s stain which will settle the diagnosis at once; for, whereas the Ebcr - 
ihella typhi is Gram-negative, Bacillus subtilis is Gram-positive. 

Stool culture: —The chances of success in obtaining a positive result 
from the stool examination are shown in the table (vide Fig. -2^4): - — 


First wo k 
Second week 
Third week 
Fourth week 
Fifth week 


15 per Cent. positi\e. 
(>5 per rent, positive. 
S5 per cent, positive. 
50 per cent, positive. 
-'5 per Cent, positive. 


Isolation of E. typhi in 


m the stool is a very important step in the* practi¬ 


cal diagnosis of typhoid fever. Although the bacilli may be present in the 
stool from the first week till complete convalescence or even some weeks later 
(the latter condition often happens in cases whic h turn out to be carriers), 
the period when they are excreted in largest numbers is from the second to 
the fourth week. In the case of carriers, however, the discharge of the* bacilli 
is often intermittent, there being some periods when they are entirely absent 
and others when they are excreted in very large numbers. 


It is very important for physicians and pathologists to remember some 
points when they want to undertake an examination of samples of stool sus¬ 
pected to contain E. typhi . Failure to remember them often ends in negative 
results and is the source of much misunderstanding between the physician and 
the bacteriologist. The most important factor is the freshness of the stool. 
After passing, if the stool is kept for some time, specially in a tropical country 
like ours, the typhoid organisms are rapidly overgrown and often killed by 
Escherichia coli and other vigorously growing saprophytic bacteria. It is 
necessary, therefore, that the specimen o! stool be available for examination 
immediately after it is passed. The delay of even a few hours in this respect 
is harmful. lo ensure this point, the physician concerned should leave 
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written instructions to the nurse and attendants about the collection and des¬ 
patch of the stool. If the patient resides at a distance so that the transit of the 
material takes a long time, or if the examination cannot be undertaken 
immediately, it is always best to mix a little stool with double its quantity of a 
solution containing 30 per cent, glycerin in o*6 per cent, saline. In such a mix¬ 
ture, the bacilli have been found to keep well and for a long period of time. 

In culturing the stool, it should be remembered that Escherichia coli and 
other saprophytic organisms grow much more vigorously than Eberthella 
t\phi whose growth is thus somewhat inhibited. For this reason, it is 
always advisable to use, if possible, culture media enriched with reagents 
which have been found to inhibit the growth of bacteria other than E. typhi, 
leaving the latter to grow unhampered. The two substances which are 
specially helpful in this respect are brilliant green and telluric acid. A loop¬ 
ful of the suspected stool is thoroughly emulsified in peptone water con¬ 
taining the above two substances (vide page 6q). After waiting for a little 
while, a MacC'onkcy’s plate is inoculated with a drop of the supernatant fluid. 
Both the tube and the plate are then incubated for 24 hours. After this time, 
the plate is examined and if colonies of non-lactose fermenting organisms are 
found, the latter are subjec ted to further studies regarding motility, sugar re¬ 
actions and agglutination tests and the examination of the brilliant green 
tubes need not be proceeded with. But if no non-lactose fermenting colonies 
are detected in the plate, fresh plating should be made from the brilliant green 
tube at 24 hours’ intervals, successively for 3 or 4 days. If the examina¬ 
tion is negative, one should wait for 3 to 4 days and then undertake another 
examination and in this way, the examination should be repeated several 
times. A stool which is found to be negative during one examination may be 
found to show large numbers of typhoid organisms at a subsequent culture. 

Urine culture: —The elimination of the organism in the urine is more 
intermittent and is of a shorter duration (transient hacilluria). In the case 
of the urine, a quantity of the material collected aseptically should be mixed 
with about 3 times its volume of brilliant green peptone water or nutrient 
broth with the same dye. In this case, however, ordinary nutrient broth 
without any enriching substance will serve the purpose quite well as there is 
often no question of other secondary organisms, as in the stool. The subse¬ 
quent stages of the examination are the same as in the case of the examina¬ 
tion of the stool. 

Serum diagnosis: —For collection of the serum and the technique vide 
('haper XIV . 

In the early days of the disease, it is not , ' le to demonstrate the 

presence of agglutinins in the blood serum. Bi” - the first week, appre¬ 
ciable amounts of agglutinins appear in the bloo<* •»<* titre limit gradually 
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WEEK OF DISEASE 


Fig. 235. 

Agglutinin response in a cum* of li/phoid fever. 

obtained from Widal's reart ion is after the first week (io davs) of the disease 
(vide Fig. 234) as shown in the following table: — 


First \vfc*k 

1"»‘ 

o“nl. 

pnsitix •*. 

Srcuiid work 

... 75 |)«r 

t «*nt. 

jxisii i \ *•. 

Third wnrk 

... jxr 

t nit. 

]>( >sit i\ <*. 

Fourth \v<*<‘U 

... ()5 p<r 

U’llt. 

posit i \ 

Fifth Week 

... <>7 p» r 

1 •■111. 

pi »sil i\ <•. 


As already mentioned, the infection with Kberthella typhi evokes two 
types of agglutinin response—H or llagellar and () or somatic agglutinins. 
For ordinary routine diagnosis, H agglutination sullices, as this appears to 
be specific. Hut in some rare eases, H agglutinins tail to appear in the 
serum, particularly if there be infection with a non-motile strain (Felix). 
It is in these eases that examination for C) agglutinins is necessary for which 
an alcoholised suspension should be used as Dreyer’s formolised suspensions 
do not react with () agglutinin. Sometines, it happens that the agglutinins 
appear quite late in the disease or may not appear at all. The prognosis in 
these cases is not favourable, for reference has already been made that there 
is some relation between immunity and somatic or () agglutinins (vide p. ibN). 

Diagnostic standard:— 

(A) Injection in the non-vaccinaled persons :—With K. typhi and Sal¬ 
monella schottmiilleri (B. paratyphosus B), the lowest titre of the serum 
tor H agglutination which should be accepted as diagnostic is a dilution of 
1 in 50. During the height of the infection, i.e., second to third week, it is 
the rule, however, to obtain a positive result in much higher dilutions of 
the serum. With Salmonella paratyphi (B. paratyphosus A), the lowest 
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diagnostic limit should be a dilution of i in 2 5, because the agglutinability 
of this organism is less marked than that of the E. typhi and S. schottmiillcri. 

(B) Infection in the vaccinated persons: —As already mentioned on page 
1 ON that when a person is inoculated with T. A. B. vaccine, a marked res¬ 
ponse of H agglutinins is obtained and, though after some time it disappears, 
any non-specific stimulus may laise the reaction to a very high titre (anam- 
mrslic reaction). Hence, a great difficulty is experienced in interpreting the 
results of the Widal reaction (II agglutination) in these cases. A rising titre, 
however, is in favour of a diagnosis of the infection. But by relying on the 
somatic agglutination, such difficulties can be overcome, as O agglutinins 
are produced bv the specific stimulus alone and () titre of 1 in 100 is practi¬ 
cally diagnostic of the present infection. Reference has already been made that 
O agglutination is a group reaction and therefore signifies that the infection 
is due to the enteric group ol organisms. 

It should be remembered that the classical Widal’s test fails in three 
directions : — 

(i) In the early serological diagnosis of typhoid fever. 

(ii) In the previously inoculated individual. 

(iii) In the persistently negative cases, i.e., infection with a non-motile 
strain. 

In all these cases, () agglutination will settle the diagnosis. Hence, for a 
serological diagnosis of typhoid lever, both II and O agglutinations should 
be carried out in every case. 

To conclude, tlu- bacteriological diagnosis of typhoid fever may be sum¬ 
med up as follows: - 

Of the disease: - 

hirst 7 to 10 days ... By blood culture. 

A fur t he tenth day ... By Widal reaction. 

At all stages but particularly 

alter tlu* second week ... By stool and urine culture and 

by W idal reaction. The dia¬ 
gnostic value depends on a 
rising titre. 

Of the relapse: Always make a fresh blood culture in the case of a 
relapse. Even it it was negative before, it invariably yields a positive result 
during the relapse. 

Of the carriers: — 

(a) By the cultivation of a sample of bile, tieces or urine. 

(b) By Widal's reaction. 

l*ost mortem diagnosis: —This consists in isolating the organism from 

the heart’s blood, gall-bladder bile, splenic pu'y .senterie lymph nodes, 

scrapings from the intestinal lymphoid tissm . * rs) and fieces. The 
chances of success depend on the interval whi* • y^cs between the death 
of the patient and the post mortem exanimate ! he materials from the 
organs are collected w ith a sterile pipette, fitted teat, plunged through 

an area on the surface ol the organ sterilised b\ hot searing spatula. 
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DYSENTERY GROUP OF BACILLI 

HISTORICAL:— In the year 1898, Kiyoshi Shiga isolated an organism 
from the feces of patients suffering from acute dysentery in Japan. Two 
years later, Kruse (1900) isolated a similar bacillus in Germany; hence, this 
type of dysentery bacillus is called the Shiga-Kruse type. Later on, Strong 
in Manila and Flexner (1900) in the Philippine islands isolated other strains 
of dysentery bacilli which were found to differ in certain biochemical and 
serological properties from the Shiga-Krusc type. Although the different 
strains have been isolated from different epidemics, all of them possess some 
common characters which bring them under this group. The production of 
a soluble extra-cellular toxin by the Shiga strain was noted by (7 'odd (io<\L 
1904). 

Characters of the group as a whole:— 

1. Belong to the Eberthella group. 

2 . Non-motile and devoid of any flagellum. 

3. Gram-negative. 

4. Non-lactose fermenters. 

5. Ferment glucose with prod action of indy ; all of them are 

non-gas pn>ducers. 

VARIETIES:—I here are several strains of d\sentery bacilli which can be 
grouped into two main divisions. These differ in their beha\iour towards 
certain sugars (mannitc), in their capacity to form indol and in their agglu¬ 
tination reactions. 

They are as follows: — 

1. Shiga-Kruse type: —T he organisms of this group do not ferment 
mannitc, nor form any indol and are serologically distinct but homogeneous, 
c.g., Eberthella dysenteriw (B. dyscntcrue, Shiga). 

2. Flexner type: —The organisms of this group ferment mannitc 
and form indol, but serologically form a heterogeneous group, c.g., Eberthella 
paradysenteriic (B. dysentcria*, Flexner). 

MORPHOLOGY AND STAINING:-— T hese are the same as mentioned 
under general characters of the (Tram- legative intestinal bacteria with tlit* 
exception that they are non-flagellated and devoid of any motility. The\ 
possess, however, a very active Brownian movement. 

CULTURAL CHARACTERS: — They are aerobic but facultatively 
anaerobic. These organisms grow well in a reaction of pHj-j- The dysen¬ 
tery organisms are highly sensitive to acid reaction. A slight acidity tends 
to inhibit, whereas alkalinity favours, their growth. T his is particularly so 
with E. dy sent erne which can grow even in a reaction of pHiro. They 
grow easily in ordinary as well as in special selec tive media, like the other 
intestinal pathogens. 1 he colonies (being non-lactose fermenters) resemble 
those of E. typhi but they are somewhat more delicate. 
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BIOCHEMICAL REACTIONS: — 

Carbohydrates: —Of all the* carbohydrates, the fermentation reactions in 
glucose, lactose and mannitc have been found to be constant. None of the 
dvscntcry organisms, however, produce gas in any sugar medium. 

Lactose —None of the strains produc e any change in lactose. 

(llucose —All the strains ferment it, producing acid only. 

Mannitc — Some strains ferment mannitc while others do not, e.g., 
Shiga's strain does not ferment mannitc, whereas Klexner’s group does. 

Maltose, saccharose and Julcite are also used for differentiation of the 
individual strains. 

Action on litmus milk: —During the first few days it becomes faintly 
acid without anv clotting. Later, the reaction may change and revert to 
neutrality and even to an alkaline side, due to its proteolytic effect. 

Action on proteins:— 

Formation of indol:— K. dysenterke, Shiga never produces indol which, 
however, is formed by the Flcxncr group. 

Formation oi volatile fatty acids: —It lias been found that the growth 
of the organisms in peptone water results in the production of a number of 
fatt\ ac ids, such as acetic, formic* and butyric ac ids and also in the lowering 
of the pH. Sm % h volatile fatty acids, produced in large amounts in the 
intestinal tracts of a person suffering from dysentery, may play an important 
part in tlu* digestive disturbances and toxic* symptoms accompanying the 
infection c aused by them. 

RESISTANCE:— T hese organisms cannot withstand the action of heat, 
light, desiccation and chemical disinfectants more than the other pathogenic 
members of the intestinal group. They are readily killed by a temperature of 
bo°C\ in 10 minutes. But while this is true of cultures in artificial media, the 
conditions are somewhat different under natural circumstances. L'nder suit¬ 
able conditions of temperature, moisture and oxygen supply, the organisms 
may survive for a considerable period in infected soil, water and fomites. 
It is very important to bear this fact in mind during the study of epidemic 
outbreaks of the disease. 

TOXIN PRODUCTION:— Eberthella dysenteria ( B . dysenteric?, Shiga) 

produces two kinds of toxins as shown below: — 

(i) An exoto.xin having a specific action on the central nervous system, 
causing paralysis of muscles. This is called “ parivtic" toxin w hich produces 
no effect on guinea-pigs, although rabbits arc affected by it. This “parietic” 
toxin is neutralised bv an antitoxin and is destroyed by heating to 8i°C. for 
one hour. 

(ii) An endotoxin , having a specific affinity for the intestines, causing 

diarrhoea, chronic marasmus and fall in temporal m • i his is called tc maras~ 
mic” or " intestinal” toxin and atfects both gum and rabbits. It »s 

not neutralised by antitoxin. 



43 6 


DYSENTERY GROUP OF ORGANISMS 


Eberthella paradyaenteri® (B. dysentericc, Flcxner) docs not produce 
any soluble exotoxin. It has an endotoxin which is liberated only on the 
death and disintegration ol the bacterial body. J his is less toxic and re¬ 
quires a dose about 20 times larger than the corresponding lethal dose of 
Shiga’s strain to prove fatal. 

SEROLOGICAL REACTIONS:— Agglutinins are found in the serum of 
immunised animals and patients suffering from the disease and this may be* 
utilised for diagnostic purposes. Appearance of agglutinins becomes most 
marked towards the end of the first week in acute cases. In chronic cases, 
however, it may be much delayed and also less marked. It should be 
remembered that as the bacilli are non-motile, only O-type of agglutinins are 
found. 

It has been further observed that serologically E. dysenterke, Shiga 
forms a distinct homogeneous group, all strains of the organism being 
agglutinated by a specific antiserum prepared against any one of the Shiga 
strains. There is, however, some development of group agglutinins, as a 
result of which an anti-Shiga serum may agglutinate, to some extent, the 
Schmitz bacillus and some varieties of the Flcxner group of organisms. It 
may be noted in this connection that the limits of titre of such group agglu¬ 
tinins are usually low. The mannite fermenting paradysenteric organisms, 
on the other hand, form a heterogeneous group, so that an antiserum prepared 
against any one particular strain either fails to agglutinate all the other 
strains or does so at low and irregular titres. This irregularity in their 
serological reactions has been explained in the light of modern rescan hes b\ 
the varying antigenic constituents of these organisms. Andrewes and Inman 
have definitely proved that the Flexner’s bacilli art 1 composed of at least lour 
different antigenic components (Y, \Y, X and Z), each of which may be found, 
to a variable extent, in every strain, although in any given strain, ‘there is 
usually some preponderance of one antigen over the rest.’ In this way, they 
have been able to demonstrate that the Flcxner group consists of at least 5 
distinct races and they are named V, \Y, X, Y and Z. The Y strain is a com¬ 
posite mixture of the four races in approximately equal proportions and a 
serum prepared against this has a wider agglutination range, reacting with 
all the Flexner group of dysentery bacilli. 

ANIMAL INOCULATION: —No very characteristic lesions are produced 
in animals by the administration of dysentcrv bacilli or their toxins per os. 
In rabbits, intravenous injection of Shiga toxin causes haemorrhagic enteritis 
with membrane formation and ulceration. If the animal lives long enough, 
paralysis of the hind-limbs occurs as well. Flcxner’s group of bacilli is less 
pathogenic to rabbits. 

PATHOGENICITY 

This group of organisms produces an acute inflammation of the large in¬ 
testine (acute colitis), characterised clinically bv the passage of blood and 
mucus in the stool (dysentery), associated with tenesmus and griping. 

Mode of infection: Dysentery may be conveyed by different agencies, 
but the infection is mostly transmitted from man to man indirectly by con¬ 
taminated food stuffs. The chief element in the spread of the disease is the 
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"carrier." Those men are specially dangerous when they are employed in 
the dairy farm and kitc hen. What usually happens is that they suffer from 
mild intestinal disturbances to which they themselves pay very little attention, 
but which form a fruitful source of scattering the infectious material and 
spreading the disease. Food may also be contaminated through the inter¬ 
vention of flics and this mode of transmission is of the utmost importance in 
epidemic outbreaks of dysentery. \\ bother or not domestic animals act as 
carriers is not certain but it has been suggested that dogs may be spontane¬ 
ously infected and suffer from bacillary dysentery and transmit the disease 
to human beings. 

Portal of entry: — From the above, it will be seen that the organisms 
gain entrance into the alimentary canal by the ingestion of infected foods. 
The bacilli multiply in the large intestine and remain strictly localised in the 
bowel. '1 hey never invade the blood stream, i.e., there is an hactericvmia ; 
only in extreme cases, they may go up to the mesenteric lymph nodes. Mul¬ 
tiplication of the bacilli in the intestine results in the formation of a large 
amount of toxins (vide p. 435) which art responsible for the production of the 
various lesions in bacillarv dvsenterv. 


Pathogenic lesions 

Intestine --'Hie chief lesion is found in the intestinal tract, particular^ 
in the large bowel. 'File lesions are found more commonlv in the lower part 
of the large intestine and only very rarely, in the lower few inches of the 
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The deposition of fibrin is seen, in the earlier stages, over the prominent 
folds and rugae of the mucous membrane, but soon the entire surface becomes 
covered with a sheet of inflammatory exudate (Fig. 237). Along with this, 



Fig. 237. 

Large intestine from a case of acute bacillary dysentery 
(Shiga infection), showing formation of diphtheritic mem¬ 
branes (coagulative necrosis) which are most marked over 
the folds of the mucosa. Note the characteristic green 
colouration of the necrosed mucous membrane and rose 
pink colour of the intervening portions. 
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there is a continuous outpouring ol' an inflammatory fluid, rich in coagulable 
lymph and containing many pus cells, red cells and large phagocytic mono¬ 
nuclear ('ells (macrophages) into the lumen ol the gut. This fluid comes out 
during motions, producing the characteristic evacuations of bacillary dysen¬ 
tery in the acute stage. 


l iter iornniIi<>n : — Later on, the fibrinous deposit is cast off and ulcers 
develop. These are at first superficial, involving the mucous and submucous 
lavers, and are distributed all over the mucous surface as sinuous, snail-track 
or serpiginous ulcerations (Fig. 238). They may communicate with one 
another by submucous sinuses. Their surfaces are covered with greenish 
black sloughs. The entire* wall of the bowel is much thickened, due to an 
inflammatory (edema and cellular infiltration. 



Gangrene of the bowel in debilitated per¬ 
sons: —Sometimes, particularly in patients 
suffering from debility and chronic malnutri¬ 
tion, the inflammation may be so very acute 
that it culminates in gangrene of the wall 
of the entire colon. 

Local perittmitis due to secondary infec¬ 
tion by Escherichia coli and Streptococci 
may be produced, particularly when the 
ulcerations are deep. 

Discharge of intestinal casts: —Occasion¬ 
ally, all the inflammatory exudates together 
with the necrosed mucous membrane are 
cast oft’ into the lumen and passed out with 
the Luces in the form of a tube. These arc 
the so-called intestinal “casts” which often 
cause much alarm to the patient and his 
attendants. 


Fig. 238. 


Vitiation in the large intestine of 
a. case of bacillary dysentery. Note 
the serpiginous character of the 
ulcers. There is practically no 
healthy mucous membrane ill 
between the ulcers. 
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Resolution: —If conditions are favourable, 
resolution may take place. The oedema and 
inflammation subside, the exudate is partly 
shred and partly absorbed and the mucous 
membrane restored to its normal condition. 
Cases with marked ulcerations have a differ¬ 
ent termination. When the ulcers are very 
deep and involve wide areas of the mucosa, 
they usually heal bv granulation. Such a 
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CHRONIC BACILLARY DYSENTERY :—In this condition, many of the 
ulcers do not heal but persist for a long time. They are usually superficial, 
vary in size and are commonly small and lenticular. The wall of the gut is 
very much thickened and undergoes a diffuse fibrosis. The sigmoid colon in 
such cases may be felt as a fairly hard tube. In very extreme cases, when the 
ulcerations are very extensive and there is considerable loss of the mucous 
membrane, the whole bowel looks like a piece of leather. 

Epithelial hyperplasia with formation of polypoid overgrowths* —In 
less severe cases, some strands of intact epithelium always remain 
in between the cicatrices and the chronic ulcers. These may undergo 
much hyperplasia, leading to the formation of polypoid overgrowths. In 
some instances, small translucent cyst-like swellings may be seen in large 
numbers, due to the superficial granulation tissue blocking the mouths of the 
Liberkiihn’s follicles whose bases remain intact. The epithelial ('ells which 
undergo hyperplasia secrete a mucoid fluid which accumulates inside. A sort 
of retention cysts is thus formed. These may burst, discharging a jelh- 
like fluid which may contain dysentery bacilli in large numbers. 'Thus, they 
play an important part in the carrier problem. 

Mesenteric lymph nodes: —These are usually enlarged but the\ never sup¬ 
purate. Post mortem, dysentery organisms may occasionally be found in 
them, particularly in very severe cases. 

Other lesions that may be encountered in connection with bacillary dyse n¬ 
tery are the following: — 

1. Arthritis —Synovial fluid is straw coloured and sterile on culture. 
It possesses considerable agglutinative power for the homologous 
organism. 

2. Neuritis —It is found only in i per cent, of the cases. 

3. Ocular complications are conjunctivitis and irido-cyelitis. 'The 
latter occurs only in Shiga infections. 

4 . Pyaemic abscess of the liver —This is due to invasion by secondary 
organisms from the portal tracts. 

Note:—Arthritis, neuritis and ocular complications are all due to the 
effect of toxins. 

Characters of the stool in acute bacillary dysentery 
Naked eye appearances 

1. Scanty but numerous. 

2. Reaction—alkaline. 

3. A characteristic alkaline odour is present. 

4. Viscid, mucoid or mucopurulent flakes, intimately mixed with 
blood. Sometimes, the stool resembles blood-stained pus which is 
obtained after incising an abscess. 

5. On keeping, a large amount of sero-sanguineous fluid may be 
found to separate out of the muco-purulent flakes which collect 
at the bottom. 
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In some cases, particularly in infection with E. dysenteriae (Shiga), the 
stools may consist of pure blood with little mucus. In other cases, the stool 
may resemble a sero-sanguineous fluid, very much like meat-washings, and is 
passed frequently and in large quantities. These cases may be mistaken for 
cholera. When gangrene oi the g r ut supervenes, the stool becomes very foul 
smelling and contains much greenish slough and dark coloured altered blood. 

Microscopic appearances (Fig. 239): — 

1. The exudate is very cellular. 

2. Large numbers of pus cells and abundant mucus are present. 

3. Many red cells which are discrete and normal in appearance are pre¬ 
sent ; there is no clumping and rouleaux formation. 

4. Many large retractile cells (macrophages) are present. They may 
show red cell phagocytosis and even slight movement and may be mistaken by 
the inexperienced observer as amoeba*. As to their origin, there is much 
difference of opinion. They are erroneously called “endothelial cells,*’ but 
the latter are too highly specialised to show any phagocytosis. They may be 
derived from the wandering phagocytic cells, the so called “histiocytes,’* 
which alwa\s abound in an inflammatory condition of the bowels or of any 
other part of the body. 



Fig. 239. 


Photomicrograph of the stool from a case of acute 
bacillary dysentery. 

A—Red blood corpuscles: B—Macrophages, some of which 
have pliagocytosed red blood corpuscle; C—Polymorpho¬ 
nuclear leucocytes; I)—Mucus. 

5. In an acute case, in the earlier staces, there are comparatively few 
bacteria to be seen under the microscop** as the disease becomes sub¬ 

acute or chronic, the bacterial flora inci\. jmarkably. In the late stage, 
Entamoeba coli and intestinal flagellate^ npear. 
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Concomitants :—During the course of illness, the causative organisms 
become scanty and their place is taken up by other intestinal bacteria, such as 
Alcaligcnes hecalis, Salmonella morgani, Proteus vulgaris, Streptococcus 
fsecalis (Enterococcus) and other organisms resembling eoliform bacilli. 

Graham (1918) has studied the naked eye appearances and cvtologieal 
changes in the stool of acute bacillary dysentery in its several stages. 
According to him, such pictures may give some information about the 
pathological changes occurring in the wall of the intestine, as shown in the 
following- table: — 


Stages of bacillary 
dysentery. 

Saked eye ap¬ 
pearance. 

.1/ i e r o a r 0 p i c a l 
( haracteristics (( v- 
tological e\ann'na- 
tion). 

Puthologit al changes in 
the wall of the intes¬ 
tine. 

During first 24 hours 

Clear m u c u s 
streaked with 
blood. 

Numerous red and 
whit*- ells which 
are well preserved. 
Kpithelial cells are 
also found. 

Intense congestion of 

th** mucous mem¬ 
brane 0! the large* 
intestine the glands 
of which secrete a 
large quantity of 

imu us. 

During 48 to 72 hours 

Kv.icu.itions con¬ 
sist of bright 
ml blood, semi- 

opaque mucus 

and a clear 
fluid. 

Laig** numbers of 
r**d c' IN, abund¬ 
ance of pus (* lls 
which m«i\ h* 

clump' d, epith* li.d 
an<l “macrophage” 
ells. 

lnMist congestion and 

*\<n h.emort hag* s. 

Sm fac* of the mut ous 

membl.ille CO\e?ed 

with filu in mostly 
m a k* d <>\* r the 

rug.e. Wall of the 

gut thie U* n* d. 

From the third to the 
fifth day 

Stools consist of 
s^tni-o p a q u e 
mucus with 

some blood and 
opaque fluid. 

Bright red 
blood is no 

longer a pro¬ 
minent feature. 

Consist almost #>n- 
tirelv of pus ells. 

A i* w r» d C' lls 
and mat rophages. 

M u c 0 u s membrane 
c o\ « 11 d with a imi- 
f*»f m la\ • r of fibr in, 

may h.i\* sloughs, 
tint wall congested 
and thickened. 

About the fifth day 

. Little or no blood 
seen. Muco¬ 

purulent evacu- 
1 ation. 

i 

<jo p.c. are pus cells, 
in p.c. consist 

of red cells ( w 
only), Lymphocy¬ 
tes, endothelial, 

epithelial a n d 

plasma cells are 
also found. 

Coagulatix *■ n**crosis 

and ulceration of the 
mucosa are taking 
place. 

After the fifth day ... 

Fmcal matter re¬ 
appears in the 
stool. Tags of 
mucus may be 
present. 

Pus cells occur sing¬ 
ly or in small 
groups of 3 or 4. j 

Stage of resolution. 


In mild bacillary dysentery, tfross evidence of blood disappears from the motion in a 

fifth dav f and y at d thi end U , f" ""V* ,s m,t srf-n - Semi-purulent mucus is found until the 
fifth day and at the end of a week, a faxal stool may contain tags of mucus. 
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Carriers 


It has been found that patients, recovering from an acute attack of 
bacillary dysentery, often excrete the organisms in their stool for a week or 
so. These are only temporary carriers. But there are others who continue to 
excrete the bacilli for more than three months and they are grouped as 
"persistent carriers . ” The latter are the subjects of chronic dysentery with 
some unhealed chronic ulcers in their rectum where the bacilli may persist and 
continue to be discharged with little flakes of mucus. Or, large numbers of 
organisms may be present in the small pseudo-adenomata—the retention 
cysts " which are often found in the mucosa. When the latter burst, the 
bacilli are discharged periodically with the faeces which thus becomes a source 
of infection. There is some difference clinically between Shiga and Flexner 
carriers. These are shown in the following table: — 


Shiga carriers. 

l. All »•} tlvm belong to |>*TMst»iit 
i .u i i* r 

1. Motion of tli* bacilli is mor*- 
constant. 

K* laps* s . fn qurnt. 

4. Tli* submits look ill and suffer from 
chronic d\s*nt**rv and mental cb*pn*s- 
sion, i.* th* v ar»* invalids. 


Flexner carriers. 

i. Th<* numbe r of pe rsistent carriers is 
very small. 

Excretion of the bacilli is intermittent. 

j. Relapses are not so frequent. 

4. The subjects may enjoy apparently 
normal health. 


THERAPEUTIC CONSIDERATIONS 

Antiserum: —This is beneficial only in infection with E. dysenteriae, 
Shiga which produces a powerful extracellular toxin. To be effective, the 
sc rum must be used as early as possible and in sufficient quantity so as to 
neutralise the absorbed toxin. As soon as a case of acute dysentery comes 
under treatment, arrangements for a rapid bacteriological diagnosis should 
he made, but, at the same time, antiserum administered. If the infection 
proves later on to be due to an organism other than E. dysenteriae, Shiga, 
the specific serum therapy may be stopped. 

In a case of moderate severity, the intramuscular route may be used. 
But if the infection is severe, the serum should be given intravenously, if 
possible. The method of administration, as recommended by Graham, 
consists of 60 to 80 c.c. of serum injected intravenously, followed by a 
transfusion of 200 to 300 c.c. or even more, of a 5 per cent, glucose in normal 
saline. This should be repeated every 6 to 8 hours if necessary, depending on 
the toxic symptoms manifested by the patient and the amount of fluid lost in 
evacuations. The risk of anaphylaxis should be borne in mind and it is 
always better to make a preliminary test for serum sensitiveness (vide page 
191) before administering the whole serum, particularly by the intravenous 
route. An injection of atropine often minimises the untoward symptoms. 
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The antiserum is prepared commercially by immunising horses, first with 
killed and later with living organisms. It is available in the market, both as 
monovalent (Shiga) or polyvalent (containing both Shiga and Flexner) serum. 
The therapeutic effect of a polyvalent serum, however, depends on the amount 
and concentration of the Shiga antitoxin contained in it. 

Bacteriophage: —Of late, treatment of acute and chronic dysenteries 
by means of bacteriophage has come into use almost as a routine. It is 
essential that the “phage" should be administered at the earliest oppor¬ 
tunity before the mucous membrane of the gut is seriously damaged. To 
commence with, a mixed, polyvalent dysentery phage is used hut wherever 
possible, it should later on be substituted by an “autophage” prepared from 
the patient’s stool. The bacteriophage is usually supplied in ampoules of> 
2 to 3 c.c. and 3 or 4 such ampoules should be taken in 24 hours. It should 
be administered in an empty stomach, preferably with an alkali. \o food o! 
any kind should be allowed one hour before and alter the phage is administer¬ 
ed. In favourable eases, the number of stools rapidly diminishes, pain and 
tenesmus disappear and the stools become heeulent and tree from blood. 

Vaccines: —The use of vaccine in the treatment o! acute bacillar) 
dysentery has not been successful owing to tin 1 rapid course o! the disease. 
But in chronic cases, it has some beneficial effect on tin* course o! tin* illness. 
It should be remembered that a vaccine prepared from 1 C. dxscnUrke, Shiga 
is very toxic and gives rise to a very severe local and general reaction. Hem t , 
great care is necessary in its administration. Whenever possible the vaccine 
should be autogenous. 

The most important use of the vaccine therapy is in the proplnlaxis. 
This is carried out in the same w ay as in the ease of the propln lactic 
inoculation against typhoid fever and cholera. Owing to the high grade ot 
toxicity of E. dysenteria?, Shiga, heavy doses c annot be given. To overcome 
this difficulty, sero-vaccines were introduced. The latter consist of he at- 
killed organisms which have been treated w ith sufficient specific antiserum to 
neutralise the toxic effects of the bacilli. In this wav, large doses of the 
organisms can be administered without any untoward reaction. Usually two 
injections are given at an interval of a week o* 10 days. The first dose 
consists of 0.25 c.c., containing 500 millions of Shiga organisms and 0.1 c.c. 
of serum, the second dose being double this strength. In practice, the 
prophylactic vaccine should contain both the important dysentery producing 
organisms, viz., E. dysenteria* and E. paradysenteria* in equal propor¬ 
tions. After the inoculations, sufficient agglutinins are developed in the blood 
within 3 weeks to protect the individual. In recent years, with the introduc¬ 
tion of the anatoxin (formolised Shiga toxin) by Ramon, it is used for pro¬ 
phylactic purposes. This causes only a slight reaction but gives rise to the 
production of enough antitoxin in the blood to protect against an infection. 
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Table showing the differences between Shiga and Flexner groups of 

dysentery bacilli. 


j Eberthella Dysenteric. 

{H. dy sentence, Shiga.) 

Eberthella Par adys enteric. 

(B. dy sentence, Flexner.) 

Distntmtion 

... 1 Prevalent in the East. 

Prevalent in the West. 

Hiochemical 

‘ 


Mannite 

0 

4 * 

Indol 

... 0 

+ 


... ‘ Kxotoxins and endotoxins. 

Only endotoxin. 

.Sctologiml 

Huint .$»»'iV'OU'" group. 

Heterogeneous group. 

i’lithogenii ity : — 



In ;mimnU (k.iM 

•in ... 1 * -t (Wry gi*ati. 

4 

In m.«n 

(i'l t'aust N a much more 

.u ut>- disease. 

(i) A very much milder 

disease. 


(iit I»nd*TH\ to h.emor- 
i hagic .stool mot'f 

marked. 

(ii) Tendency to h.tmorrhagic 
stool le» marked. 


(iii) Tox.i-mia mur- mark¬ 
ed. 

(iii) Toxa»mia not so marked. 


(i\ ) Neuritis may occur. 

(i\ ) Neuritis does not occur. 

Cat tiers 

... Commoner. 

1 suallv invalid. 

Less frequent. 

1 Ma\ enjoy perfect health. 

1 

7 hcrupy 

Antiserum is of distinct 

\alue. 

Vaccine therapy, particularly 
an auto-vaccine, is beneficial. 



Serum therapy is of no value. 

OTHER ALLIED DYSENTERY ORGANISMS 

E. dy sentence, Schmitz (B. am hi gnus of And reives; Parashiga 4 
of Dudgeon and l rquhart. ) 

Culturally it resembles the Shiga’s bacillus. Differential points are the 
following : — 

(i) It forms indol. 

(ii) It Is less pathogenic for rabbits than Shiga bacillus. 

(iii) It is inagglutinable with Shiga and Flexner sera. 
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E . dysenteries, Sonne (Duval's bacillus; B. dispar of Andrewes). 

It resembles Flexner group of dysentery bacilli, but in type it resembles 
Escherichia coli more than the true dysentery bacilli. Differential points are 
the following: — 

(i) Late lactose fermenter (usually in from 5 to 10 days). 

(ii) Permanent acidity of milk with or without curdling. 

(iii) Forming no indol. 

(iv) Toxicity in animals is variable. 

(v) Serologically a distinct race. 

(vi) Cause of dysentery in Scandinavia. 

Table showing sugar reactions of various dysentery bacilli . 


Organisms. 


Glucose. Mannite. Lactose. Maltose. 


Sat 1 ha- 


Duk ite. 


E. dysenteric, Shiga ... -+ 

E . paradysentence, 

Flexner ... + 

E. dysenteric, Schmitz 4 

E. dysenteric, Sonne ... + 


+ - Acid and no gas; o = No change, 

* V strain of the Flexner group does not ferment maltose. 

ISOLATION OF DYSENTERY BACILLI 

Points to remember :— 

1. Bacillary dysentery is essentially a local disease. 

2. The bacilli remain confined to the large intestine and only in 
extreme cases may they be found in the mesenteric lymph nodes. 

3. They do not invade the blood stream, i.e., there is no l>acteriwmia. 

4. Blood and urine cultures are always sterile. 

5. Synovial fluids from cases of dysenteric arthritis are also sterile. 

Isolation of the specific organism from fasces :— 

Collection Of material: —Samples of faeces are best collected in a 
fccces-specimen tube (vide Fig. 233 on p. 427), provided with a cork and 
carrying a metal spoon or scoop which fits into the tube. If the stool con¬ 
tains both fa;cal matter and mucus, a portion of the latter should be included 
in the specimen. 

I he material most likely to yield a positive result is fresh stool, entirely 
unmixed with urine and the most suitable one is that obtained in the early 
stages, containing blood and mucus. Immediate examination is very 
essential, since the viability of dysentery bacilli is not very great. 




LABORATORY DIAGNOSIS OF BACILLARY DYSENTERY 447 


It has been found that the addition of an equal volume of alkali (3 per cent, 
sodium hydroxide) to a dysenteric stool greatly facilitates the isolation of 
the dysentery bacilli (Dudgeon 1919). 

If the specimen cannot be examined immediately, it may be kept in a 
condition suitable for culture by adding 2 parts of 30 per cent, solution of 
glycerin in 06 per cent, saline solution to 1 part of faeces (Teague and 
('lutman, 1916). Under such conditions, the dysentery bacillus can be re¬ 
covered after being kept in the above solution for 6, 7 or 8 days. 

In chronic cases, there is a great difficulty in isolating the specific bacilli 
irom the fieces. The best results are obtained by passing a sigmoidoscope 
and taking a swab directly from the base of the ulcer. 

Methods Of examination: —After sampling, the material is inoculated in 
a MacUonkey’s plate or any other selective medium. After 24 hours’ incuba¬ 
tion at 37°C., the suspected colonies (colourless ones, i.e., non-lactose 
fermenters) are picked up and studied in the following ways: — 

(i) Subcultures are made on agar slope and in broth. 

(ii) Fermentation reactions are studied in glucose, mannite and 
lactose. 

(iii) Morphological characters, particularly its motility, are studied 
from a hanging-drop preparation of the liquid culture. 

(iv) The agglutination reaction of the isolated bac illus is tested with 
a high titre serum (stocked in a refrigerator). For carrying out 
the reaction, a saline emulsion of the colonies from agar slopes 
is mixed with one or two drops of the high titre serum on a 
microscopic slide and (lumping or flocculation noted (slide 
agglutination method). Drcycr's macroscopic technique may 
also be used. 

If the suspected bacillus has the following characters, it may be regarded 
as belonging to one of the classical types, i.e., Shiga or Flexner’s group. 
Diagnostic criteria of the classical strains are as follows: — 

1. Stm-laitose fermenters. 

1. At id and no gas in glucose. 

3. Xon-nwtile. 

4. Mannite —l*Vrm»'nf«‘d by Fl«*xn»*rN group; not firmenud by Shiga's bacillus. 

5. Serological reaction —Agglutinated by Shiga antisera = Shiga’s bacillus. 

Not agglutinated by Shiga antisera but agglutinated by l'lexner antisera = 
riexner’s group. 

Note:—Sometimes the bacillus on first isolation is inagglutinable but 
rapidly becomes agglutinable by subculturing. If it is still non-agglutinablc, 
it may belong to atypical dysentery bacilli and its biological characters 
should be thoroughly studied. 

LABORATORY DIAGNOSIS 

The diagnosis of bacillary dysentery involves the exclusion of amoebic 
dysentery and isolation of the specific organism from the fieces. Blood 
examination does not offer any great help in the diagnosis, as there is no 
bacteruemia in this disease. Agglutination reaction may help to a certain 
extent, particularly in subacute and chro*-* Mages and also in carriers. 
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A. Examination of faeces:— This includes the naked eye and microscopic 
examination of stool and isolation of the specific organism from the same. 
The latter has already been described (vide supra). For convenience, a chart 
is appended below to show the differential characters of the stool in amoebic 
and bacillary dysentery. 

\ 

Bacillary dysentery. Anuvbic dysentery. 


Colour 

Odour 

Character 


Reaction 


Rose pink. 

No foul smell. 

Blood and mucus intimate¬ 
ly mixed. 

Alkaline. 


Brownish. 

Foul smell. 

Altered Mood mixed with 

Acid. 


Microscopical 


Cellular exudates plenty. 

Polymorphonuclear leuco¬ 
cytes and macrophages 
plenty. Red cells are 
discrete. Bacteria few 
and usually non-motile. 
K n t a moe ba histolytica 

a bsen t. Ch a r cot -hyd • n 

crystals absent. 


Cellular exudate few. 

Polymorphomu Mar leucocytes 
few ; macrophages nil. Red 
cells appear in t lumps oj 
rouleaux. Many motile bac¬ 
teria present. Kntaimcba 
histohtica present. Charcot- 
leyden tryst.iN present. 


B. Examination of blood 

1. Blood count :—There is no characteristic blood picture. As a rule, 
specially in the acute stage, there is leucoevtosis with increase ol the 
neutrophil polymorphonuclear variety. A secondary type of amentia may be 
seen in chronic dysentery cases. 

2. Agglutination reaction :—The patient’s serum may be examined 
for agglutination reaction against known Shiga and Flexncr’s strain, as 
such reactions may be obtained from a patient suffering from bacillary 
and not from amoebic' dysentery. The reaction is carried out exactly 
like the Widal’s test in typhoid fever, with the exception that the mixture 
is kept in water bath at 55°C. for 4 hours. 

Specific agglutinins begin to appear in the blood of patients suffering 
from acute bacillary dysentery from the second or third day of the disease 
and a positive result is usually obtained between the fifth and twelfth day. 
For Shiga infection, an agglutination reaction occurring in a dilution of 
J in 50 should be considered as a positive indication of the disease. Since 
normal serum may agglutinate Flexncr’s bacilli, no agglutination reaction 
should be considered diagnostic in a dilution lower than 1 in^o. 

Note:—As already mentioned, the organism cannot be isolated from 
blood and hence, blood cultures are of no use. 
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THE SALMONELLA GROUP OF BACTERIA 

Tin* Salmonella organisms comprise a large group of closely related 
bacteria which are all pathogenic to men and animals. Although they have 
no action on lactose, they readily ferment glucose, usually with the produc¬ 
tion of acid and gas. They are widely distributed in nature, being often 
found in tin* intestines of man and animals and also as localised pyogenic 
infections in the latter. The common bacteria which are included in this 
group arc* the following: — 

i and j. Salmonella paratyphi (B. paratyphusus A) and Salmonella schottmiilleri (B. 
paratyphusus B). Tlvsr an* natural pathogen* of man, causing enteric fever. They are 
nut found as normal parasites in other animal species. 

3. Salmonella hirsthfeldi (B. paratyphoids (')—It is closely related to S. suipestifer 
(monophask type) and is a natural pathogen of man, giving rise to enteric fever. 

4. > almo*tella mori^ani (B. morgan No. I)—It is often associated with summer 
diairha.i of children and i-. also » nc« >um* r**d as concomitants in inflammatory conditions of 
the large 1 m iW'l, 

^ and o. .Salmonella 1 ettrvike (H. ;cih\ck**i and .salmonella enteritidis (B. enteritidis 
(lartnej-)- These ,u»- natural pathogens of rodents, causing ♦ nt'-ric inf'-ctions ; the latter 
also causes an acute enteritis m mule. In human beings, they cause an acute gastro¬ 
enteritis (acute haiteii.il food poisoning*. 

7. :Salmonella typhi murium (B. t \phi murium 1 —Tie* causative organism of epidemic 

11 is» .is** in mice. Accidental inbetion in human h* ings has been reported, causing acute 
gastro-ent* 1 it is. 

5. .'Salnomelia m apestiier (B suipestih 1 i—It was vuppovd to be th» cause of “hog 
cholera*’ 1 >u t now pgarde.l as s. A oii'I.ci \ iiw.cders. The organism is aKo responsible fur a 
small number of vases ot tood poisoning. 

o. .salmonella pMtiaiou' (lb psiti.nos;s>—I la c.iuvit.\»* organism v»f pneumonia m 
panels 1 n I' *c t ion s m human h»*ings who aie kit'd w it it *»ick parrots have been re¬ 

ported. 

jo and 11. .Salmonella pullorum (lb piiiloruin) and Salmonella ^allinarum (B. 
gallinarutni Both of these organisms an* noil-motile. The former causes “white diarrheva*’ 
in old thick* ns and si-ptica-mia in voung chicks and th** latter causes fowl typhoid. 

MORPHOLOGY:— All the members of this group have an average dimen¬ 
sion of about 2 to 3 fx in length and about 0*5 p in breadth. They all possess 
peritrichute llagella and are motile. They are non-sporing. 

STAINING REACTION: —They are stained readily with the usual stains 
and are all (iram-negative. 

CULTURAL CHARACTERS: —All these bacilli grow very luxuriantly 
in the usual culture media, just like the Escherichia group. On nutrient 
agnr, the growth is similar to that of E. coli, viz., moist, glistening, some¬ 
what translucent heavy growth. In broth, there is a uniform turbidity. 
From the character of the grow th, however, it is not possible to distinguish 
these organisms Irom one another or from the other members of the typhoid- 
coli-dvsenterv group of organisms. As " do not ferment lactose, 
they produce colourless colonies on MacCk . plate. 
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BIOCHEMICAL REACTION:— 

Sugar fermentations: —As already stated, these bacilli never ferment 
lactose or saccharose. But glucose, maltose and mannite are readily fer¬ 
mented with the production of acid ami gas. 

Litmus milk: —In the beginning (i.e., during the first 24 to 4S hours), 
there may be slight acidity which, however, changes to an alkaline reaction 
on keeping. There is never any coagulation of milk. 

Gelatin is never liquefied and no imiol (except S. morgani) is produced. 

Formation of U n S: —This is tested in the had acetate agar medium 
(p. 74). Most of the members of this group can produce 1 LS (ride table 
below). 

Table showing the biochemical reactions of the important members of the 

Salmonella group. 


1 

Organisms. j 

Lactose. 

(llucose. 

Litmus 

milk. 

Lead ace¬ 
tate agar. 

Indol. 

S. paratyphi 

0 

At; 

A 

- 


S. schottmulleri ... 

0 

At; 

A-Alk. 

4- 


S. hirschfeldi 

0 

At; 

A-Alk. 

4- 


S. enteritidis ... 

0 

\t; 

A-Alk. 

4- 


S. cvrtrycke 

0 

At; 

A-Alk. 

+ 


S. suipestifer 

0 

At; 

A-Alk. 

4 - 


S. typhi murium 

0 

At; 

A-Alk. 

4 - 


S. morgani 

0 

At; 

A-Alk. 

4 - 



A—acid; A(«—acid and gas; Aik.—alkalim-; A-Alu.—Initial at 1 !ity billowed b\ alkalinity. 

The sign -l- in lend acetate agar signifies blackening of the medium due to the formation 
of H (> S; the sign - indicates no change. 

.S. morgani —Excepting glucose, it does not ferment any other sugar. 
It has been found to be a frequent cause of summer diarrlxra in children in 
England, although it is not the only one for that condition. Other organisms 
found to be associated with the disease are—Proteus vulgaris, Kberthella 
paradysenteriie, Kberthella dysenterue Sonne, Alcaligenes keealis, etc. 

VIABILITY : There is no doubt that the Salmonella group of organisms 
is more resistant than either the Kberthella or the Escherichia group. In 
the stool, the paratyphoid bacilli have been found to remain alive for many 
days, even if they are exposed to open air. They can also stand a considerable 
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amount of desiccation without losing their viability. In water, the Sal¬ 
monella organisms may persist lor months without any loss of vitality. 

They cannot, however, resist the action of gastric juice for more than a 
couple of minutes. Moist heat of 6o°C. kills all the bacteria in a few minutes. 
It has been found that about 7 to 8 per cent, of common salt inhibits the 
growth of Salmonella bacilli. ibis is important to remember as these bacilli 
are sometimes found as contaminating organisms in tinned meat and fish. 

TOXIN PRODUCTION: —These bacilli do not produce any extra¬ 
cellular toxin. The poisonous product is contained in the substance of the 

bacterial body which liberates it only when the latter is disintegrated or 

dissolved. T his endotoxin is thermostable and can resist heating to ioo°C. 
for half an hour without undergoing decomposition. As it is considerably 
heat-resistant, it can withstand cooking processes specially when the latter 
arc* imperfectly undertaken. When injected intraperitoneally or intraven¬ 
ously, this toxin produces fatal results in laboratory animals. 

SEROLOGICAL REACTIONS: —When any member of the Salmonella 
group is injected into an animal, either in its peritoneal cavity or in the 
vein, there are produced both spec ific and group agglutinins in the blood of 
the injected animal. These are used for diagnostic purposes in the same 
way as in the* case of typhoid fever. Besides these, there are produced pre- 
eipitins and complement fixing bodies in the serum of the inoculated 
animal or in that of a person who had suffered from an infection. 

Like all other flagellated bacteria, the Salmonella group of organisms 
possesses two types of antigens—H or flagellar (heat-labile) and O or somatic 
(heat-stable)—both of which give rise* to their corresponding agglutinins. 
Andrewes (10--) has further shown that // antigens of certain strains in this 
group are diphasic in nature —one phase being specific for the particular 
serological type and the other or group phase being common to related organ¬ 
isms. In the type phase, the strain can be identified by direct agglutination, 
while in its group phase, it is indistinguishable by direct agglutination and 
< an onlv be* differentiated w ith certainty by cross agglutination or absorption 
of agglutinins. In this way, the antigenic nature of the various strains has 
been found to be as follows: — 

(i) .S', paratyphi (B. paratyphosus A) and S. entcritidis (B. enteritidis 
(kertner) are both monophasie and therefore can be identified by direct 
agglutination. 

(ii) .S', schotttniUlcri (B. paratyphosus B), S. artrycke (B. aertrveke) 
and .S', suipestifer (B. suipestifer) are all diphasic. In their group phase, they 
can onlv be* identified from one another with certainty by absorption of 
agglutinins, while in their type phase, they possess an antigenic factor 
peculiar to themselves, rendering an easy separation by direct agglutination. 

PATHOGENICITY 

It has already been pointed out that the members of this group are 
very widely distributed in nature, both in animals and human beings, and 
the bacilli may be scattered from such ^»mves contaminating foodstuffs, 
beverages, milk, fruits and water. 



^ SALMONELLA 

Salmonella infection in animals 

There is a wide range of animals which may suffer from various kinds 
of Salmonella infections. The most important of them are the rats, mice, 
pigs, sheep, cattle and birds. Such infection is characterised by the 
production of a septicaemia with localised lesions in various parts of 
the body, such as arthritis, enteritis, metritis, mastitis, osteomyelitis and 
pvaemic abscesses. Large numbers of bacilli arc* present in these lesions, 
as well as in the intestines of such animals which may become a source of 
danger to human beings, either through the infected flesh or through 
bacilli which are excreted from the intestines and which contaminate other¬ 
wise healthy foodstuffs. 

Salmonella infection in man 

Modes of infection '.— 

(1) By eating meat of an animal actually suffering from Salmonella 
infection. The meat is usually imperfectly cooked. 

(2) By taking* foodstuffs and drinks contaminated with the* injurious 
germs excreted from the intestines of man and animals. 

(3) From human carriers who may harbour the bacilli in their intes¬ 
tines and who may periodically or continuously discharge them in their 
stool. In this case, like typhoid infection, finger, food and flies always play 
very important roles. 

It should be remembered, as already pointed out, that the members of 
this group are somewhat resistant to unfavourable circumstances, such as 
heating*, desiccation and unsuitable environmental changes, and it is for 
this reason that imperfectly cooked and made-up meat is often a fruitful 
source of infection. Contaminated milk or drinking water is sometimes 
responsible for an outbreak of localised epidemics. 

'The bacilli which are taken in along with the food and drink may be 
killed by the gastric juice, but if they can pass intac t through the stomach 
into the alkaline duodenal content, they multiply very rapidly and may 
either get into the blood stream producing baeilkemia, or produce an in¬ 
tense irritation throughout the gastro-intestinal tracts with varying grades 
of intoxication. According to the nature of then effects, Salmonella 
organisms may produce the* following lesions in man: — 

(A) Salmonella fevers with generalised infection running an acute or 
subacute* course, resembling very much the* course of a typhoid fever. 

(B) Salmonella gustro-enteritis with intense irritation of the gastro¬ 
intestinal tracts (Bacterial food poisoning). 

(A) Salmonella Fevers 

The organisms which are chiefly responsible for these fevers are the 
paratyphoid group, viz., the S. paratyphi (B. paratyphosus A), S. schott- 
mulleri (B. paratyphosus B) and S. hirschfeldi (B. paratyphosus C). 
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Incidence :—It should be noted that in our country the S. paratyphi 
(B. paratvphosus A) infection is very much more common than the others. 
As the typhoid and the paratyphoid groups of organisms are very closely 
related and their mode of infection and the* pathogenic lesions are some¬ 
what similar, both the infections may co-exist in the same person. 

Pathogenesis :—As stated above, the organisms‘usually gain entrance 
into the human system through contaminated food and drink. If they can 
pass unharmed through the stomach into the duodenum, they rapidly multi¬ 
ple and pass from the alimentary canal into the mesenteric lymph nodes and 
then into the general blood stream giving rise to, as in typhoid fever, a 
condition of bacterkemia. The lesions produced in this infection are, how¬ 
ever, never so pronounced as in the case of the typhoid infection. For in- 
stancc, although the lymphatic' elements of the intestines and other parts of 
the body may show hyperplasia, ulceration of the Fever’s patches is never 
so marked and the serious consequences, such as perforation and peritonitis, 
which are so much dreaded in typhoid fever, are hardly, if ever, present. 
Although the general course and the symptomatology of paratyphoid infec¬ 
tion are like those ot a mild c ase of tvphoid fever, gastro-intestinal manifes¬ 
tations, suc;h as nausea, vomiting, diarrhoea and colitis, may be well marked 
in some rases, specially in S. schottmfilleri and S. hirschfeldi infections. 
During the course ot the infection, as well as in the carrier state, large 
numbers ot bacilli are excreted in the keces. In the case of a carrier, like 
the t\phoid infection, the gall bladder forms the most important reservoir 
for the organisms, but urinary and pure intestinal carriers are also known 
to occur, l he blood changes and the development of agglutinins are 
exactly on the same line as in the typhoid infection. 

Some members of the Salmonella group occasionally produce fevers of 
shot t duration, associated with marked gastro-intestinal disturbances. These 
ar*- described under acute bacterial food poisoning. Besides the above, fevers 
of considerable duration may be produced by infection of the urinary tracts. 
There are minor abdominal symptoms preceding the attack which consists of 
a febrile paroxysm with chill and rigor. The lever may be either continuous 
or remittent in type. The pathological condition is usually limited to the 
urinary tracts, particularly the pelvis and calyces of the kidneys and also, to 
some extent, the ureter and the bladder. A true pyelitis or pyelonephritis is 
produced. The urine in such cases is turbid, containing pus, albumen and 
almost a pure culture of motile (iram-negative bacilli. These cases arc usual¬ 
ly passed clinically as “/L coli pyelitis " and the true nature of the 
infection is not determined until full bacteriological examination of the 
urine is carried out. The two most important organisms which arc found 
in such conditions are .S', paratyphi (B. parratyphosus A) and S. morgani . 
It is a common experience of many pathologists to find non-lactose fer¬ 
menting (tram-negative motile bacteria in the urine sent for examination 
for coli ” infection and on detailed.examination, such organisms may be 
found to belong to one or other member *<1 the Salmonella group. 
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(B) Salmonella Gastro-enteritis 

(Acute bacterial food poisoning) 

This condition was previously considered to be due to “ptomaine poison¬ 
ing.’’ It was thought that these ptomaines were toxic aminobodies formed 
from animal proteins when the latter were in an advanced stage of decom¬ 
position. It naturally follows, therefore, that the poisoning effects should 
occur onlv when decomposed meat or fish are eaten by men in sufficiently 
large quantities. This idea prevailed for a long period until the nature of the 
disease was questioned, when it was found that people suffered from this 
condition on eating apparently healthy-looking meat, fish and vegetable food 
stuffs. Besides, it was also found that whereas ptomaines in reasonable 
amounts were non-toxic to laboratory animals, the suspected meat, fish or 
other food stuffs were highly toxic to these animals when given by the 
mouth. From these observations, the idea gradually gained ground that 
the so-called “ptomaine poisoning” was not due to ptomaines but to some 
other agents. Thus, the etiology of the sickness gradually passed from 
chemical poisoning to microbial infection. 

Acute food poisoning, as we understand it in these days, is an illness 
caused by eating food stuffs infected with some member of the Salmonella 
group and is characterised by a severe gastro-enteritis of sudden onset, 
w ith varying grades of fever and toxiemia. 

Description of a typical case: —A person, having eaten some infected 
meat, fish or imperfectly cooked, prepared food or tinned foodstuff, goes to 
bed at night, but in the morning is attacked with a severe headache, abdo¬ 
minal pain, nausea, wretching, vomiting and diarrlnra, with the passage 
of mucus and sometimes blood in the stool. Fever of some degree is 
always present. The general discomfort and restlessness become very great 
and the patient feels miserable. There niav be intense thirst, cramps, and 
in a virulent infection, coma, followed by death. In moderately virulent 
cases, the illness lasts for a period varying from 4 to 7 days, after which 
the symptoms abate and the condition of the patient improves. 

• Bacteriology: —The common bacteria which have been found to cause 
acute food poisoning are, in order of their frequency, as follows: — 

(i) S. enteritidis (B. enteritidis of (ijertner). 

(ii) S. a.*rtrycke (B. .xrtrycke)—Aertrycko is the* name- of ;» Belgian \illage wlwre 
an outbreak of food poisoning occurred and where the organism** wen* isolated. 

(iii) S. suipestifer (B. suipestifer). 

(iv) S. morgani (B. morgan No. 1 ). 

(v) S. hirschfcldi and S. schottmulleri (B para. C and B). 

(vi) A large group of closely allied organisms. 

Of the above mentioned organisms, the two which are most commonly 
responsible are the S. enteritidis and S. cvrtrycke. It should be remembered 
that when the disease occurs by eating the flesh of an already diseased animal, 
S. enteritidis is the commonest infecting agent, whereas if the original meat 
is innocent but it becomes contamifiated dtiring the process of preparation t 
S. certrycke should be suspected. 
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Sources of infection:—About Go to 70 per cent, of the outbreaks of 
food poisoning are due to infected meat from oxen and pigs. Mutton and 
chicken are rarely incriminated. In our country, goats arc hardly, if ever, 
inlected. Ducks may be involved but wild games are free from infection. 
Amongst fish, the commonest one is the shrimp. In our country, some 
vi’rv dangerous varieties of fish in this respect arc the mango-fish and the 
hilsa-fish which are prevalent during the hot seasons and which are liable 
to get the infection from human excreta in fresh water streams passing 
through city areas. For instance, these varieties of fish are very plentiful 
in the river Uooghly, where ftecal pollution is very considerable. 

Types of food: —Meat, fish and milk are most important but vegetables, 
cereals and very occasionally, fruits may be responsible. The danger is 
specially marked when the above articles of diet are either imperfectly cook¬ 
ed and then kept for some time before being consumed or made up into 
various kinds of prepared foods, the process involving imperfect cooking 
and liability to contamination. The following are some of the examples: — 

Meat, sausages, pates, chops, pics, cutlets and similar stuffed foods, 
pickled ham, etc. 

Fish, tinned fish, pickled fish, smoked fish, fish imperfectly fried 
with a coating of some other material over it. 

Milk, ice-creams, pastries, puddings and other milk products. Stale 
milk is also important. 

The following table may gi\e an idea about the nature of the food¬ 
stuffs which were incriminated in various epidemics in Drcat Britain. 


\lit IOC of /<>(»(/. 

Per cent. 

(\mn*d nv.it. i.mivtf nurim- pn.duils .mil i.imvd fruits 

3 n '5 

M ilk .nvl milk pi n*lnt t s 

M’S 

M.i*l* -up nv .it 

2 (>’(> 

M.mipul.it* <1 m* .it 

4’y 

I 1 * Mi m* .it 

!<>'.* 

Flint's .uvl \i g-t.iM'-' (im Iii-ling ".thuNl 

39 

Other fiunls 

2*9 


Seasonal prevalence :—Most 4>f the outbreaks occur during the warmer 
months, the hot weather favouring the rapid growth and multiplication of 
the infective organisms. In our country, seasonal increase is also due to 
the variety of the food material available during any particular season. For 
instance, mango-fish and hilsa-fish which are sometimes incriminated are 
available only during the warm humid months. 

Modes of infection :— 

(a) Meat used for consumption may be obtained from an animal which 

is infected during its life time and may have been actually suffer¬ 
ing from the disease, when slaughtered. 

(b) The animal may be quite healthy and innocent, but its meat is 

contaminated after slaughter, during the course of dressing or 
preparation for eating. It should be definitely remembered, how¬ 
ever, that both the prepared foo.: .., well as the flesh itself, may 
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appear quite normal to the ordinary inspection, although very 
heavily contaminated with an infecting micro-organism. Nor¬ 
mal good meat may be contaminated in the following wavs: — 

(i) In the slaughter house when* infected animals may be brought 
in by dealers to be slaughtered. 

(ii) By the faeces and fomites of carriers and also by infected Hies. 

(iii) From rats and mice which often suffer from Salmonella infection, 
and therefore, harbour the bacilli in their intestines. The 
danger from the rats is very considerable, particularly in our 
country where people do not use meat safes or other protectors 
for prepared foods, to any great extent. 

THERAPEUTIC CONSIDERATIONS 

Although the injection of these group of organisms into animals gives 
rise to the production of agglutinins, precipitins and complement fixing 
bodies in their blood, the therapeutic use ol immune sera in actual cases is 
not attended with any good result. On the other hand, the use ol vacnties 
is often beneficial, both for prophylaxis (S. paratyphi and S. schottmiilleri) 
as well as for curative purposes (subacute or chronic* Salmonella infection 
of the urinary tracts and intestines). It should, however, be remembered 
that such vaccine therapy cannot be of any use to an acute bacterial lood 
poisoning, a condition which is sudden in onset and which lasts onh lor a 
short period. 

Prophylaxis:— 

(1) Fresh and well cooked meat, consumed immediately after cook¬ 

ing, is never followed by food poisoning. 

(2) Made-up and prepared foods should be avoided. Sausages, pates, 

meat pies, ice creams and similar preparations are potentially 
dangerous. 

(3) Milk should not be kept a Jong time after being hoik'd. 

(4) In our country, shrimps, mango-fish and hilsa-fish should not be 

taken unless quite fresh and thoroughly cooked. 

LABORATORY METHODS OF DIAGNOSIS 

(A) Of Salmonella fevers: —T hese may be considered exactly like 
E. tvphi (B. typhosus) infection, i.e., blood culture, stool culture and 
agglutination reaction. 

In doing the Widal’s test in a case of paratyphoid infection, it should be 
remembered that in Salmonella paratyphi (B. paratyphosus A) infection, a 
positive agglutination reaction in a dilution of 1 in 25 of the serum may be 
considered as the minimum standard for diagnosis. In the case of Sal¬ 
monella schottmulleri (B. paratyphosus B), however, the lowest diagnostic 
titre of the serum usually accepted as positive is a dilution of 1 in 50. Such 
a diagnostic criterion refers only to persons unvaccinated against these 
organisms. For the inoculated persons the same procedure as in the case 
of typhoid fever should be adopted. 
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(B) Of Salmonella gastro-enteritis (acute bacterial food poisoning): 
—For the proper investigation of an outbreak of food poisoning, one should 
proceed carefully and systematically, always keeping in mind that it is the 
contaminated food material which is primarily responsible. Therefore, it is 
necessary, lor the purpose ol an investigation, to try to find out and secure a 
specimen of such foodstuff which appears to be the vehicle of infection. 
This should be subjected to a bacteriological analysis. A portion of the meat, 
food or a little of the contaminated material is either mixed with saline or put 
into nutrient broth and incubated for 8 to 12 hours. A loopful of the saline 
emulsion or the broth culture is then spread over a couple of plates containing 
one of the special media. For ordinary purposes, MacConkey’s neutral-red bile 
salt lactose agar is quite useful. After necessary incubation of the inoculated 
plates, the Salmonella organisms will appear as colourless colonies (non¬ 
lactose fermenters) which may then be subjected to other studies, viz, 
motility, staining reactions, biochemical characters and agglutination tests. 

To establish a bacteriological diagnosis of a case of food poisoning, the 
7 '(united material and the stool of a patient actually suffering from the disease 
should be examined for the presence of the causative organisms. This may 
be done exactly on the same line*- as in the case of the t\phoid and para¬ 
typhoid infections, i.c., the cultures are first made, which are then subjected 
to biochemical and serological tests. 

In the case of a suffering patient, the blood should always be examined. 
A general survey of the leucocytes should be made and the presence of mala¬ 
rial parasites looked for, because in the tropics, pernicious type of malaria 
may produce symptoms exactly similar to those of acute bacterial food poison¬ 
ing. There is always an increase in the number of the leucocytes and the 
percentage of the polymorphonuclear (neutrophil) variety is raised. But 
the most important point about the blood examination is the demonstration of 
the agglutinins for S. enteritidis and S. a?rtrycke. An infected person will 
always give a positive agglutination reaction within 4 to 5 days, after which 
the* tit re limit rapidly rises up to the third week. 

During the laboratory investigation of a case of acute bacterial food 
poisoning in our tropical countries, the possibility of cholera asiatica should 
he borne in mind, as the two conditions may occur simultaneously in a loca¬ 
lity. Apart from the usual procedure for the isolation of the Salmonella 
group of organisms, a bacteriological examination for Vibrio comma (V. 
cholera') should be undertaken. Examination of the specific gravity of the 
blood is also very useful in such occasions. 

In holding a post mortem examination on a fatal case of Salmonella food 
poisoning, heart’s blood, spleen pulp, intestinal content and bile should be 
collected for a thorough bacteriological diagnosis. 

In the investigation of the carrier problem, the fteces shoul(Jbe examined 
for the offending organisms and the blood serum for the presence of agglu¬ 
tinins. 

Note :—To prove the serological identity of the isolated organism in the Salmonella group, 
both direct agglutination and agglutinin absorption may be necessary. For mono- 
phasic types, a direct agglutination will suffice, whereas for diphasic types, the 
technique for the absorption of agglutinin is essential before the strain can be 
recognised with certainty. 
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ESCHERICHIA COLI 

(Bacterium colt; Bacillus coli communis) 

HISTORICAL: —It was first described by Kscherich in 1885 in connection 
with his studies on the bacterial content of the stool of new-born babies. He 
found that this organism first appeared in the fa*ces as soon as babies began 
to suckle. 

HABITAT:— I t. coli is very ubiquitous and is widely distributed in nature. 
It is always the principal organism of the bacterial flora of the fares of man 
and all other animals. Consequently, it is found wherever there is pollution 
w r ith their excreta. Thus, it is present in the soil, water, sewage, 
vegetables, etc. It and some of its allied strains are also found in grasses, 
grains and decomposing vegetable matter, even when there is no faral 
pollution. It appears that some strains of K. coli and its variants may live a 
saprophytic existence outside the animal body. 

MORPHOLOGY:— It is a rod-shaped bacillus of about 2 /x in length. 
It possesses 4 to 8 flagella, arranged in a peril ricltaie manner and is there¬ 
fore motile. But its motility is never so active and vigorous as that of 
Eberthella typhi. It has no capsule and does not form any spores. 

STAINING REACTIONS: —It stains readily with ordinary aniline d\es 
and is Gram-negative. 

CULTURAL CHARACTERS: — 

Agar —It grows readily in ordinary culture media producing luxuriant, 
moist, somewhat bluish and semi-opaque colonies which may overlap if the 
inoculum is heavy. The surface of the colonies is smooth and glistening. 
Sometimes, there is much accumulation of gas inside the medium. 

Broth —It produces uniform turbidity with a heavy growth and an un¬ 
pleasant foetid smell. 

Special media . It produces pink colonies in MacConkey's, Conradi’s 
and Kndo’s media. In brom-cresol purple medium, the colonies are \ellow. 

BIOCHEMICAL REACTIONS: —It is aerobic and facultatively 

anaerobic. 

Fermentation reactions: —It ferments all tin* sugars with the produition nl mill and gas 
The organism does not form indol, liquefy gelatin nor does it form 
Voges-Proskauer reaction is negative (for the technique vide p. 89). 

Methyl-red test is positive (for the technique vide p. 8<>). 

Litmus milk —It produces acid with coagulation. 

Hivmolysin production —Certain pathogenic strains of K. coli, isolated from cases of 
urinary tract infection, produce powerful hamiolysins. 

formation of reductase —1 he organism has the power lu reduce vaiious dyes (methylene 
blue) and nitrates (for the technique vide p. 88). 

Koser’s test (p. 89)—When Escherichia coli (of fa*cal origin), is allowed to grow in 
Koscr’s medium, no growth is detected as the organism is unable to utilise the citrate. 

VIABILITY: — Escherichia coli is readily killed when exposed to a tem¬ 
perature of 6 o°C. for 10 minutes, but it can retain its vitality and survive even 
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for weeks and months when protected from direct sunlight. It also resists 
desiccation for a much longer period than its more pathogenic allies. In 
water, it retains its vitality for a prolonged period. In contaminated soil with 
plenty of moisture, E. coli can live indefinitely. 

In this connection, the action of certain selective substances on the 
growth ol E. coli may be considered. Of the two most important elements, 
salts of bile exert an inhibitory effect on other bacteria but favour the growth 
of the typhoid-coli group; whilst brilliant green, in a dilution of i in 150,000, 
inhibits the growth of E. coli blit greatly favours the cultivation of Ebcrthella 
typhi. Other basic dyes, such as crystal violet, gentian violet, etc., while 
inhibiting the growth of the Gram-positive bacteria, do not materially in¬ 
fluence that of E. coli. Hence, these dye materials are extensively used for 
the preparation of various kinds of special selective culture media. 

TOXIN PRODUCTION: —No exotoxins are produced. The poisonous 
products appear to remain inside the substance of the bacterial body and are 
liberated only on the lysis of the organisms. Certain strains, producing 
pathogenic lesions, specially in the urinary tract, produce a powerful 
luemolvsin. 

SEROLOGICAL REACTIONS: —The injection of gradually increasing 

doses of the organisms gives rise to the production of specific agglutinins, 
preeipitins and other bacteriolytic substances. A normal individual may show 
the presence of some amount of agglutinin in his serum, varying from 1 in 10 
to 1 in 20, owing perhaps to the constant presence of the bacilli inside his 
body. Although agglutinins are produced by such inoculation, it is 
not possible to utilise the production of agglutinins in the matter of diag¬ 
nosis, owing to the fact that strains of E. coli vary very widely regarding 
their serological reactions. Just to express it more simply, a strain may 
resemble E. coli typically in morphology, fermentative and other biochemical 
reactions but still differ widely from the same in its serological reactions. 
Hence, serum reactions, unlike in typhoid fever, are useless for diagnostic 
purposes. Only the luemolytic strains, isolated from urinary tract infections, 
form a special group and their serological reactions are found to be fairly 
constant and reliable. 


ANIMAL INOCULATION: —When injected into the subcutaneous tissues 
of an animal, E. coli produces a local inflammation with an abscess formation, 
but no generalised infection takes place. When injected intravenously or 
intraperitoneally into a rabbit or guinea-pig in sufficient doses, it causes death 
of the animal in a day or two, with collapse and symptoms of diarrhoea. 


PATHOGENICITY 

It has been said that E. coli (B. coli communis) is necessary in life and 
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B. sort of symbiosis between it and the animal being which adapts itself to the 
action of this particular bacterium and an equilibrium is maintained under 
ordinary conditions of lilc. But whenever tins balance* is upset, tin 
organism gets a chance to go beyond its legitimate site and invade* distant 
tissues and organs producing pathological effects. The conditions which 
bring about this abnormal state are convalescence after prolonged illnesses, 
exhaustive influences, trauma, infective processes in the portal tracts and 
local loss of resistance, either by disease or by environmental changes, such as 
constipation, inflammatory changes in the neighbourhood of the gut, bands, 
kinks, twists, etc. of the intestines. 

Escherichia coli (B. coli communis) is a pyogenic organism and its 
pathogenic lesions are, therefore, associated with pus formation. But as 
it does not produce any powerful toxins, there are no marked signs and 
symptoms of general intoxication. One* of the important features is tin* 
production of pyrexia without its corresponding toxa*mia. The pathogenic 
lesions of Escherichia coli in man may be considered as follows: — 

Blood: —E. coli, under exceptional c irc umstanc es, may ente r the- circula¬ 
tion and cause a condition of bacteri;emia and septicaemia. On such oc c asions, 
there* is more or less a remittent type of temperature, associated with chill, 
rigor and sweating, and the infection follows a course* resembling that of an 
infection by the enteric group of organisms. Isualh it is not fatal, provided 
it is not complicated by abscess formation in the* internal organs. 

Liver and Gall bladder: —E. eoli is a very important age nt in the produc ¬ 
tion of cholecystitis, cholangitis and multiple* foc i of suppuration in the live r. 
The bacilli may reach the liver and gall bladder from any infective 
pyelephlebitis in the portal area, such as suppurative appendicitis or infected 
and thrombosed piles. From sueTi a source of infection, a se*ptic thrombus 
may be dislodged and carried over by the c irculating blood to the* li\e*r. In 
cases of biliary calculi lodged in one* of the ducts and producing an inc omplete 
obstruction to the passage of bile*, the organisms ofte-n get into the gall 
bladder producing a suppurative* cholecystitis. Further spread of infection 
through the bile* ducts into the* live*r substance produces suppurative 
cholangitis with multiple absce-ss formation. It may he* noted that the* abov<* 
pathological conditions arc* very serious and often fatal. The\ are* associated 
with long continued pyrexia with chill, rigor and sweating, an enlarged, 
painful and tender liver and jaundice. 

Portal tracts: —Any inflammatory condition in this area, such as 
ulcerative colitis, peritonitis, appendicitis and suppurative piles, is associated 
with the presence of E. coli. All ulcerative conditions of the* large intestine* 
are secondarily invaded by the colon group of organisms whic h help to main¬ 
tain the conditions and make them chronic. In weak and debilitated persons 
and also in terminal conditions, E. coli may start a primary colitis, producing 
all the signs and symptoms of dysentery. In perforative and other forms of 
peritonitis, dependent on surgical diseases of the gastro-intestinal trae'ts, 
E. coli is always present along with Streptococcus Eecalis and other anserobic 
spore-bearing bacteria. Ihe two very important diseases which should always 
be remembered in this connection are appendicitis and inflamed haemorrhoids. 
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In both these conditions, there is always a potential danger of infec¬ 
tive pvelephlebitis of the corresponding veins (Fig. 240). As already discuss¬ 
ed, such a condi- 
tion may be follow- 
ed by very grave 
consequences. 
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Genito-urinary 
tract infection 

These infections 
consist of pyeli¬ 
tis, pyelonephritis, 
abscess of the 
kidney, cystitis and 
ascending infec - 
tio}is. The genito¬ 
urinary tract is a 
very favourite site 
for infection by 
Escherichia coli. 
The condition is 
more common in 
females than in 
males. The areas 
which are common¬ 
ly affected are the 
pelvis of the kidney 
and the urinary 
bladder. 


H\ Gangrenous distal 
f[..- --'portion of app. 
wrapped around 
by omentum. 


Fig. 240, 

Suppurative thrombo-phlebitis of the mesenteric veins with 
multiple abscesses in the liver, following appendicitis. The 
picture illustrates beautifully the condition of the veins of the 
portal system and of the liver, as found at autopsy. 

(From Kelly and It union's "the vermiform appendix and its 
diseases"; by kind permission of W. Ji. Saunders and 
Company.) 

copious exudation of leucocytes, red cells and serum. T 
obstruction to the free flow of pus and uiim down the 
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swelling of the wall of the latter and the consequent diminution of its lumen. 
It is for this reason that there is some degree of dilatation of the pelvis and 
calyces and the fluid inside them is always under a certain amount of tension. 
The process mav stop there and the entire inflammation may subside and 
the mucous membrane restored to its normal condition. Hut in unfavour¬ 
able cases and with infection by virulent strains, the process may spread 
from the papilla.* to the substance ol the kidney, producing multiple foci of 
suppuration (Figs. 241 and 242). This condition is known as pyelonephritis . 



Fig. 241. Fig. 242. 

Diffuse suppurative nephritis. The white spots represent areas of pu.* formation 

This is a very serious pathological condition, producing grave complications, 
such as 1 ailure of the kidney functions with unemia, extension to the 
perinephric tissues, producing perinephric abscess and general blood infection. 

I he urinary bladder is often the seat of inflammation produced bv K. coli. 
This (cystitis) may result either secondarily to an infection of the pelvis of 
the kidney or as a primary condition. Obstruc tion in the urinarv passages, 
such as an enlarged prostate, stricture of the urethra and calculus in the 
bladder, often markedly predispose to such an infection. A verv serious 
complication which may originate under this condition is the spread of the 
infection upwards, either along the lumen of the ureters or tlu* periureteral 
lymphatics or possibly both, producing what is known as an ascending 
pyelonephritis with all its concomitant dangers. It is a much dreaded com¬ 
plication to surgeons owing to its risks. 
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Escherichia coli infection in the females: —In the female sex, E. coli 
infection ol the urinary tract is very frequent and should always be kept in 
mind whenever one has to deal with intermittent pyrexia in women. The 
reasons for this increased incidence have been said to be due to the shortness 
of the urethra, strain and pressure effects during- pregnancy, loaded sigmoid 
colon in constipation and trauma during sexual intercourse. Pregnancy and 
puerperunn arc spec ial predisposing factors. The enlarged gravid uterus 
exerts a marked pressure eflect on the ureters, causing difficulty in the free 
flow of urine and producing some loss of resistance to infection of the pelvic 
and ureteral mucous membranes. 

Clinical picture of a case of E. coli infection of the urinary tract consists 
of an intermittent pyrexia with chill and rigor, followed often by profuse 
perspiration and unassociated with a corresponding amount of toxaemia. 
There is pain and difficulty in micturition and passage of a strongly acid, 
turbid urine with a fishy odour. Occasionally, the pain in the loin may be so 
se vere as to simulate renal colic and there may be passage of blood with 
urine. Along with the urinary complaints, there are often some signs and 
symptoms of colitis, such as pain and tenderness along the course of the 
colon, diarrluea with mucus and sometimes blood in the stool, flatulence and 
indigestion. 

Characters of the urine in E. coli infection of the urinary tract:-— 

Physical appearances. — It is opalescent or turbid, with copious sediment 
of pus. It has a strong, fishy odour and is markedly acid in reaction. It may 
or may not contain blood. 

(liemical features. —Such an urine always contains varying amounts of 
albumen and gives reactions for pus and blood. 

Microscopic appearance of the sediments —Large numbers of pus cells, 
varying numbers of red blood cells, specially in the acute stage and many 
motile (iram-negativc bacilli are seen. 

Cultural characters: —When a sample is cultured in suitable media, there 
is a vigorous growth of K. coli. Sometimes, the nutrient agar is pushed and 
broken up, due to the formation of much gas inside the medium by some of 
the strains. 


THERAPEUTIC CONSIDERATIONS 

Vaccines: —E. coli infections are sometimes treated with vaccines, often 
with verv beneficial results. The cases suitable for vaccine therapy are the 
urinary tract infections, cholecystitis and sometimes ulcerative colitis. It is 
always desirable to use an autogenous vaccine and to start treatment after 
the acute stage of the inflammatory process has passed into a subacute one. 
It should always be started with a small dose and 5 millions of the 
organisms are often enough for a case of pyelitis or cystitis. Of course, the 
\accinc therapy should be combined with all recognised accessory forms of 
treatment. As already stated, the hiemolytic strains of E. coli invading the 
urinary tracts belong to one and the same serological group and for this 
reason, stock vaccines administered in such an infection will do good. But in 
all non-h;emolytie infections, autogenous ».-.ines should be used. 
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Apart from this specific therapeutic administration of E. coli vaccine, 
there is another use. This is in connection with the non-specific protein 
therapy for the amelioration and often cure of chronic inflammatory processes 
in the joints, tendons, pelvic organs in the females and other places in the 
body. For this purpose, a big dose of the vaccine may be used, often 100 to 
500 millions, and injected intravenously to produce a protein shock. A severe 
reaction with chill, rigor and high fever sets in, lasting for varying periods. 
But with the subsidence of the reaction, the other pathological conditions 
begin to improve. The injections may be repeated in increasing doses at 
intervals of about 7 days. It may also be used as an ordinary vaccine but 
in comparatively bigger doses, for the treatment of rheumatoid conditions, 
when the intestinal tracts are suspected to be the source of septic absorption. 

Bacteriophage: —A very potent “phage” is always present in the 
intestinal canal of all animals and in detectable amounts in other places where 
E. coli gains entrance. Thus, it is found in sewage and c ontaminated water 
supply. Unfortunately, the therapeutic value of this “ phage ” is very 
limited, although its presence is responsible for producing bacterial variation 
in the intestinal canal and self-purification of water when the latter is 
contaminated. 

LABORATORY DIAGNOSIS 

This consists in the isolation of E. coli from the urine in cases of genito¬ 
urinary tract infection, the blood in cases of septicaemia and purulent dis¬ 
charges from suppurative lesions. 

Urine: — Collection of the material: - The sample of urine must be 
collected asepticaily in a sterile vessel and carefully covered. In the case of 
female patients, it is essential to collect the sample* of urine through a sterile 
catheter passed into the female bladder, after carefully c leaning the* ure thral 
orifice and the vestibule. In the case of males, if a catheter cannot he passed, 
the glans penis and the urethral meatus should be* thoroughly disinfected and 
the patient asked to micturate. The* first portion of the urine* may be* dis¬ 
carded or collected in a clean unsterilised pot for other examinations while 
the second portion collected in a sterile vessel for the requisite bacteriological 
diagnosis. 

Examination: —The sample of urine should always be examined as to its 
physical, chemical and microscopic characters (vide supra). Alter these 
details are noted, a portion of the* urine from the* sterile vessel is eentrifugal- 
iscd and a MacConkev’s bile-salt-lactose-neutral-rcd agar plate is inoculated 
with a loopful of the sedimen f . It is always good, in all cases, to inoculate 

a couple of nutrient agar tubes at the same time, as this will expedite the 

preparation of an autogenous vaccine, if the* growth is pure and also to 
detect the presence of cocci, if present. After incubation for 24 hours, the 
typical rose-pink colonies will develop. Further studies may then be con¬ 
tinued and the diagnosis definitely settled. 

E. coli isolated from urine in cases of urinary tract infection should 

always be tested for its haemolytic properties on blood agar or in a suspen¬ 

sion of 5% red blood cells in peptone normal saline. This luemolvtic group of 
organisms forms a definite class by itself serologically and in other respects. 
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Purulent material: —In the case of a purulent material from other 
sources, a Gram stain should always be done and the bacterial flora examin¬ 
ed. Then suitable culture media should be inoculated and the growth studied 
as above. In such cases, if associated pyogenic cocci are suspected, a plate 
of brom-cresol purple and ordinary nutrient agar plates should be inoculated. 

Blood culture: —A word of caution may be said in connection with 
the isolation of E. coli from the blood in a suspected case of septicemia or 
bacteriemia. In cystitis, in pyelonephritis and in general blood infection, 
when a blood culture is desired by the physician, a special instruction should 
be given to the pathologist to take the blood during the lime of rigor. At 
other times, the results are often unsuccessful. Another important point is 
the quantity of blood to be taken and it should never be less than 10 c.c. 

Bacteriological examination of water for E. coli: —In examining 
samples of water bacteriologically for the presence of E. coli, it is very 
important to decide whether the strains of E. coli which are isolated are of 
fiecal origin or merely saprophytic organisms having nothing to do with 
f;ecal pollution. To determine this important point, the Voges-Proskauer re¬ 
action, methyl red test, Koser’s test and uric acid test (vide p. 89) should be 
carried out. The difference between the two is shown in the table below: — 


Escherichia coli of fiecal 
origin 

Escherichia coli of sapro¬ 
phytic origin 


Vojjes- 

Proskaucr 

reaction. 


o 


Methyl 
red test. 


Koser’s 

test. 


Uric acid 
test. 


+ 



+ 


i 

1 


+ 


+ - Positive. o —Negative. 

OTHER IMPORTANT MEMBERS OF THE COLON GROUP 


• These are quite a large number, existing both as parasites and also as 
saprophytes. They all produce luxuriant growths in ordinary nutrient agar 
with certain minor differential characters. They are differentiated mainly 
by their fermentative actions on sugars and by certain biological properties 
(vide p.p. 468-469). 

Escherichia communior (B . coli communior): —It resembles Escherichia 
coli in all respects except that it ferments saccharose with the production of 
acid and gas. It occurs naturally in faeces and in materials polluted by 
hecal excretions. 


Escherichia acidi lactici (B . acidi lactici): —This organism is commonly 
present in milk, water and intestinal can.*! man and animals, as a non- 

pathogenic saprophyte . It is a non-motr -‘Ins, of the same size as the 

Escherichia coli and is Gram-negative. . . .,ws in the usual laboratory 

media without any characteristic diflferc**n E. coli. It ferments the 
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common sugars including lactose but has no action on ilnlcite and saccharose 
and in this respect, it differs from A. jerogencs (IL laetis ;erogenes). It forms 
indol and coagulates milk with the production of acid. 

Aerobacter serogenes (B. lad is w ro genes ):—'This is sometimes found in 
small numbers in the fjeces but is mostly present as a non-pathogcnic 
saprophyte in soil, sewage, decomposing vegetable matter, fruits and grains. 
It is often found in milk in association with a few others and is chiefly respon¬ 
sible for the ordinary souring of milk. It is a plump, non-motile bacillus of 
average length, possessing a faint capsule. It is Gram-negative. It grows 
vigorously in the ordinary media producing plenty of gas. The colonics on 
agar are big, convex and moist, with an opaque white colour and possessing 
a viscid consistence. It ferments all sugars, including lactose and sacclm rose, 
with the production of acid and gas but has no action on Julcitc. It does not 
liquefy gelatin. The organism gives a positive I oges-Proska uer reaction, but 
a negative methyl-red test. It grows in Loser's medium. 

Aerobacter cloacae (B. cloaca ): -This organism is uidek distributed in 
nature, in the keces of man and animals, as well as in sewage matter and 
other articles contaminated w ith f;vces. It is a sluggishly motile bacillus of 
average size. It does not form am spore and is not capsulated. It does not 
retain the colour when stained by Gram's method (Gram-negati\e). Tin- 
growth in ordinary media is luxuriant but without am great difl'ercnce from 
Escherichia coli. The organism ferments all the ordinal) sugars, including 
lactose amt saccharose, but has no action on tluhitc. It gi\es a positive 
Coges-Proskauer reaction but negative methyl-red lest. It coagulates milk 
with the production of ac id. 

Proteus vulgaris t />. proteus) 

Occurrence :—It is extensivelv present in nature, being always found 
associated with decomposing animal and vegetable matter, as well as in the 
soil and in keces of men and animals. It is also found as a secondary con¬ 
taminating organism in septic wounds. 

Morphology :—It is a bacillus of usual size, sometimes occurring in small 
chains or filaments. It possesses numerous perili idiate flagella and is very 
actively motile. It has no capsule and docs not form am spore. 

Staining reactions: — It stains with all ordinary laboratorv stains and is 
Gram-negative. 

Cultural characters:— In nutrient broth, there is a uniform turbiditv. 
On nutrient agar, the* growth is very characteristic. I here is a central main 
mass of growth, consisting of a greyish white translucent eolonv around 
which thin layers of bac terial growth c reep out, forming irregular films in the 
surrounding areas. If the water of condensation in a nutrient agar is 
inoculated, the growth spreads like a thin film and covers the entire surface 
of the slope. This process of extension of growth has bee n designated as 
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“ swarming.” In blood agar, copious growth with haemolysis and digestion 
of blood takes place. On egg or serum media, there is luxuriant growth with 
digestion and some liquefaction of the media. 

Biochemical reactions: —The organism never ferments lactose and 
mannite but readily acts on glucose and saccharose, with the production of 
acid and gas. It rapidly liquefies gelatin and protein with digestion. This 
can take plan* only in the presence of oxygen. The methyl-red test and 
Voges-Praskauer reaction are both negative. 

Serological reactions: —These art* somewhat complicated as the Proteus 
group is heterogeneous, so far as its antigenic properties and immunity re¬ 
actions are considered. Recently a strain, Proteus X iy, has been found by 
Weil and Felix (iqib) to be agglutinated by the serum of typhus fever cases, 
the reaction being known as Weil-Pelix reaction. Though the organism has 
no etiological relationship with the disease, still the reaction is so specific 
that it is of distinct value in the diagnosis of typhus fever. Pursuing their 
observation further, Weil and Felix noted two distinct types of colonies of 
Proteus X it) on agar—the one with a spreading film, the H (lJauch) form 
and the other forming isolated colonies, the O (Ohne-1 lauch) form. The 
former when injected into animals gives rise to both H (non-specific) and O 
(specific) agglutinins, while the latter produces only the specific small flaking 
O agglutinin. Moreover, the serum of patients suffering from typhus fever 
contains the O agglutinins which react specifically with O type of colony. 

Toxin production :—Xo extracellular toxin is known, the poisonous 
substance being present inside the bacterial body. 

Pathogenicity: —The organism or its endotoxin is very toxic to laboratory 
animals, subcutaneous or intraperitoneal inoculation causing death in a day 
or so. In man, Proteus vulgaris is mainlv found as a secondarv contaminat¬ 
ing organism in various kinds of inllammatorv lesions with ulceration. It 
is often found in cases of cystitis where the urine may contain even a pure 
culture of the organism. Sometimes, the ingestion of a large dose of bacilli, 
either with milk or with putrid meat, may cause symptoms of acute diarrhoea, 
specially in children. 

Alcaligenes fsecalis (B. ftccalis alcaligenes). This organism is often 
encountered in faeces of normal persons. In certain pathological conditions 
of the large bowel, such as in late stages ol bacillary dysentery, they are 
found in large numbers almost replacing, the specific organism. It is an 
actively motile bacterium, possessing multiple peritrichate flagella. It is 
Gram-negative. The organism grows on ordinary culture media and is 
a non-lactose fermenter, t hus, in its morphological and cultural characters, 
it closely resembles typhoid bacilli. It differs from the latter in that it Is 
devoid of any fermentative properties in any of the sugar media and produces 
a strong alkaline reaction in litmus milk. It does not form any indol, nor 
liquefies gelatin. The organism, as a rule, has no pathogenic property, but 
sometimes it has been isolated from the blood in cases of febrile illness, such 
as typhoid fever. 
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Proteus vulgaris (B. proteu>) ... o A(* 





469 


GRAM-NLG A TIVL INTESTINAL BACILLI 

Scheme for the identification of the Gram-negative intestinal 

group of bacilli. 

I'r'LTf'S 

i inoculated into 
MacConkey’s plate 

(Rile salt-lactose-neutral red medium) 


( <»lourless colonies Pink colonies 

(Non-lactose fermenters) (Lactose fermenters) 

Kherthclla. Escherichia, except Proteus vulgaris. 

Salmonella. 

. Ucaligenes ftccalis. 

Dulcite. 

Glucose 


Acid but 
no gas 
Kherthclla. 


l/< ah genes 
l<ccalis. 


Arid and 

gas 

Salmonella. 


Acid and gas No change 

E. coli. E. acidi lactici. 

E. communinr. A. tcrogenes. 


Motility examined 


The individual mem¬ 
bers of the group can 
only be differentiated Saccharose 

by cross-agglutination 
and absorption tests. 


Saccharose 


Motile Non-motile 

E. typhi. E. dysenteritc. 

Acid and No change : 

Mannite gas 

E. communior. E. coli. j 


Ac id and no 
gas 

E. paradysenteritr. 

E. dysenteritc, Sonne. 
(Late lactose fermenter) 


1 

1 

No change 
E. dysenteritc, 

Shiga. Acid and gas No change 

E. dysenteric, A a’rogenesy E. acidi lactici. 

Schmitz. 

Note: —A. cloacae (lactose fermenter) 
and Proteus vulgaris (non¬ 
lactose fermenter) are the only 
i members producing liquefaction 

Formation of indol of gelatin. 


Positive 

E. dysenteritc, Schmitz . 


Negative 

dysenteric, Shiga. 
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LACTOBACILLUS 

Acidophilic group or Lactic acid bacilli 

(Gram-positive intestinal bacilli) 

Under this group is included a number of bacteria which can withstand 
a degree of acidity fatal to most other bacteria and on this account have 
been termed “acidophilic.” Though these bacilli are acid-resistant, they 
flourish better in a medium of average acidity, hence “aciduric” will be a 
better term than “acidophilic'.” These organisms are found in large num¬ 
bers in the alimentary tract of various mammalian animals and are 
particularly prevalent during the stage of suckling. They constitute one of 
the most predominant intestinal flora of breastfed infants and of these, the 
two most important types are—(i) Lactobacillus acidophilus and (iij Bacillus 
hi fid us. 

Lactobacillus acidophilus (IL acidophilus): -This is the most im¬ 
portant member of the group. It occurs in large numbers in the lieces of 
breast-fed infants. 

Morphology and staining —The organism is markedly pleomorphic', 
varying in length, form and arrangement. It may appear as a long stout 
bacillus (4 to 5 /r in length by 1 fi in breadth) and also as short coceal 
forms. Slender rods may be noted. It often occurs in long chains. It is 
non-motile and does not form spores. It is (iram-positive. 

Culture —Cultivation may be done on agar plates containing whey and 
incubating aerobically at 37°C. The medium is prepared by adding a suffi¬ 
cient amount of 10 per cent, hydrochloric acid to skimmed milk heated to 
So 0 to ()o°C. and precipitating the casein. It is then filtered through cotton 
wool and the reaction is adjusted to pH 6*8 to 7*0. Peptone, 0*5 per cent, 
and agar, 1*5 per cent., are then added and the whole sterilised by auto¬ 
claving. 

Colonies show' in 48 hours and are very minute, thin and transparent and 
for their identification, they require to be magnified under the low* power of 
the microscope. Two types of colonies are recognised, (i) oneJeathery in 
appearance and (ii) the other spindle-shaped with finger-like projections 
crab-colonv). A convenient method of isolation of the organism from 
feeces is to inoculate the material into broth to which 1 per cent, acetic 
acid is added and incubated aerobically at 37°C. After this, subcultures 
can be made on whey agar plates. 

Biochemical reaction —It ferments without gas production the following 
sugars, lactose, glucose, maltose and saccharose. In milk it produces acid 
and clotting. 
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Importance: —It has no pathogenic importance but considerable medical 
interest is attac hed to it because of (a) its role in souring of milk and (b) as 
a remedy (sour milk therapy) for certain chronic intestinal ailments. 

ALU El) ORGANISMS 

Lactobacillus bulgaricits (B. bulgaricus):—It is closely related to L. 
acidophilus, having the same morphological and cultural resemblance. It 
does not ferment maltose*. The bacillus is chiefly found in sour milk in 
Bulgaria and Turkey. It is not normally found in the intestines of man. 
Regarding its value in sour milk therapy, it is less successful, as it is very 
difficult to implant the* organism in the intestinal canal of man where it fails 
to grow. 

Lactobacillus hoas-opplcri (Boas-Opplei bacillus):—This organism is 
found in the stomach in conditions where hydrochloric acid is absent or 
deficient, as in gastric' cancer, and specially with pyloric obstruction. Its 
characteristics are the same as those of L. acidophilus with the following 
differences : — 

i. It does not ferment maltose and its acid production is less. 

j. It grows best under inicro-aTophilic condition. 

Lactobacillus <nlonlolyticus (B. acidophilus odontolyticus):—This 
organism was isolated from curious teeth and has been described by 
Mc Intosh and his co-workers as the cause 1 of dental caries. It is a strong 
ac id producer and ferments glucose, maltose*, lactose and salicin. The acid 
produced by this organism is an important factor in the causation of the 
disease. 

Dbtlcrlin's bacillus —'I his organism is an important member amongst the 
normal bacterial flora of tlu* vagina. Being acidophilic, it helps to maintain 
the* sterility of the* vagina, specially of its upper two-third. 

Bacillus bifidus ( Racferoides bifid us): —This is the predominant orga¬ 
nism in the intestinal canal of breast-fed infants, particularly in the first few 
wc*eks of life. It is a (iram-positive, noil-motile and non-sporing bacillus, of 
variable* length. In anaerobic cultures, the organism shows bulbous or bifid 
ends from which it has derived it name. It grows poorly in the laboratory 
media and is an obligatory anaerobe. It ferments lactose, glucose, maltose 
and saccharose. 

Sour milk and intestinal flora 

Souriilg of milk is due* to lactic acid fermentation which precipitates 
casein from the* milk. Lactic acid is produced by the action of bacteria, 
belonging chiefly to the members of the* Lactobacillus group, on the lactose 
of milk. Sour milk is a normal form of decomposition, resulting from 
breaking down of carbohydrates and is not harmful. Milk sometimes putri- 
fies, due to the breaking down of protein* pore-bearing bacilli. Putrid 
milk is alkaline and bitter, owing to the .. e* of peptones; sometimes it 

contains toxic substances. Owing to a 1 * factors, the putrid milk is 

harmful. 



472 


KLEBSIELLA 


In early infancy, the stool is acid in reaction and diet is rich in 
carbohydrates in the form of lactose; the chief bacterial flora being- lactic 
acid bacilli. As age advances, the diet changes, the stool becomes alkaline 
in reaction and the bacterial flora also change. The place of lactic acid bacilli 
being taken up bv Escherichia coli and other allied organisms which constitute 
about 60 per cent, ol the kecal flora. 

The rationale of the sour milk therapy advocated by Metchnikoff is based 
on the fact that sour milk contains myriads of lactic acid bacilli which, when 
implanted in the large intestines, produce a high degree of ac idity, a condi¬ 
tion unfavourable and detrimental to the growth of other bacteria which are 
responsible for putrefactive processes. In this way, by inhibiting the putre¬ 
faction, it guards against “ auto-intoxication" and has been used as a remedy 
for certain chronic intestinal ailments. 

In this connection, it should be* noted that L. bulgaricus is not a normal 
inhabitant of the human alimentary canal, particularly of children and some 
adults. Hence L. acidophilus is much more efficient for therapeutic purposes 
than the L. bulgaricus, as the former ('an readily be implanted in the intestinal 
canal. 

Of recent years, it has been found that it is difficult to implant or to in¬ 
crease the numbers of these lactic acid bacilli by ingesting them by the mouth. 
Intestinal flora are controlled by diet rather than by bacteria ingested. It 
has been further discovered that the secret of sour milk therapy depends not 
only on the administration of the microbe but also on the modification of diet 
and ingestion of large quantities of lactose at the same time. It is by this 
means that the lactic acid bacilli can In* definitely implanted in the intestine 
and become the predominant organisms. 

KLEBSIELLA 

Klebsiella pneumonice 

Synonyms— B. pncumoniic, Pneumobacillus t FricdUindcr’s bacillus, B. 
m ucosus capsulat us . 

Friedldfidcr, in 1883, isolated the organisms from the lungs of patients 
dying of pneumonia. 

Habitat —A parasitic organism of the respiratory tracts of man. 

Morphology —It is a short, thick, rod-shaped bacillus and usually arrang¬ 
ed in pairs (diplobacillus). The organism is non-rnotile, non-flagellated and 
non-sporing. When seen in pathological exudates, it is found to possess a 
well marked capsule . 

Staining reactions —It stains readily with ordinary aniline dyes and is 
Gram-negative. 

Cultivation —The organism grows aerobically in all the ordinary labora¬ 
tory media. In agar, it forms fairly large, raised, shiny, white colonies 
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with viscid mucoid consistency (cf. A. aerogencs). In gelatin stab culture, 
it produces a characteristic nail-shaped appearance. The growth occurs as 
a white line along the stab and is heaped up at the surface to form the head 
of the nail. On blood a gat', the organism grows with a wide zone of 
haemolysis around its colony. In broth, there develops turbidity with a 
pellicle formation. 

Biochemical reactions: —This organism is closely related to Escherichia 
coli. It ferments a number of carbohydrates with the formation of acid and 
gas. Gelatin is not liquefied and indol is only occasionally produced. Voges- 
Proskauer reaction is usually negative and methyl-red test is positive. Some 
of the strains grow on Koscr’s medium. 

Serological reactions: —Like Diplococcus pneumoniae, the organism can 
be classified into three main types (A, B and C) and a fourth heterogeneous 
group. The type-specificity depends, like the D. pneumoniae, on the capsular 
substance. 

Animal inoculation —When injected into mice and guinea-pigs either 
subcutaneously or intraperitonealiy, it causes septicaemia and the capsulated 

organisms can be recovered 
from heart’s blood. 

Pathogenicity —Usually it 
does not play any pathogenic 
role. It lias, however, been 
responsible for about 5 per 
cent, of the cases of lobar 
pneumonia and such cases are 
invariably fatal. The organism 
has been encountered in infec¬ 
tion of , the nasal sinuses, and 
has been isolated from em¬ 
pyema, appendicitis and sup¬ 
purative processes of various 
kinds throughout the body. 

ALLIED ORGANISMS 

1. Klebsiella rhinosclero - 
mat is (B. rhinoscleromatis)— 
This organism produces a 
slowly growing productive 
” T" of granulomatous inflam- 
•'II (Fig. 243) on the 
us membrane of the nose, 

• ularly at the external 

A case of rhinoscleroma. 
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This gives rise to mechanical obstruction of tlie air passages. On histolo¬ 
gical examination, the organisms are found in considerable numbers inside 
the large swollen cells whit'll are known as the cells oj ^lihulu^ (h ig. > 44 )* 



Fig. 244. 

Photomicrograph of a .section from rhinobcleroina. 

Note tin* large, clear cells with excentnc anti pjknotic 
nuclei. These are called JMiealiez’s cells. Besides the.se, 
there are mas-.es ot lymphoid cells. 

2. Klebsiella ozanuc (B. oza*na*)~ This is supposed to hi* the cause of 
foetid nasal catarrh. By cultural methods and morphological examination, 
it is not possible to distinguish the organism Irom the other members ot 
the group. 

3. Klebsiella graniilonialis —The organism appears to he related to 
granuloma inguinale. 

CHROMOGENIC BACTERIA 

The characteristics of these bacteria depend on their property of pig- 
ment production and they include the follow ing: —- 

(1) Pseudomonas seruginosa (B. pyoeyaneus) —Blue or green pigment. 

(2) Serratia marcescens (B. prodigiosus) - Red pigment. 

(3) Chromobactcrium violaceum (B. violaceus)—Violet pigment. 
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Pseudomonas aeruginosa (B. pyocyaneus) 

Gessard, 1882. 

Habitat: —1 his organism is frequently found as a harmless parasite 
upon the skin, in the upper respiratory tracts or in the gastrointestinal 
tracts of man. It is frequently termed the bacillus of green or blue pus. 

Morphology:— Jt measures about 1*5 /x to 3 fi in length. The bacillus 
is very actively motile, possessing one to three terminal flagella. It has no 
capsule and does not form spores. 

Staining: —The organism stains readily with the usual aniline dyes and 
is (iram-negativc. 

(Cultivation: —Ps. aeruginosa is aerobic and facultatively anaerobic. It 
grows readily on the usual laboratory media and the optimum temperature 
lor growth is 37°U. The growth is recognised bv the characteristic 
greenish blue colour which diffuses through the whole substance of the 
medium. T his is due to the production of a pigment, pyocyanin, by the 
organism and for which a free access of oxygen is essential. This pigment 
(pyocyanin) which is insoluble in water may be extracted from the culture 
medium with chloroform and crystallised out of such a solution. Besides 
this, another pigment, jluorescin, is produced by the organism, which is 
insoluble in chloroform but soluble in water. 

On agar , the growth is confluent and 'appears on the surface as a 
moist, greyish, glistening layer. Wry soon, i.e., after about 18 hours, the 
pigment diffuses into the medium, giving the characteristic colouration. In 
broth, the organism grows with the formation of a pellicle on the surface 
and a floccular deposit at the bottom. The whole broth also becomes turbid 
and slightly coloured, specially at the top. Gelatin is liquefied and litmus 
milk becomes clotted with the characteristic colouration. 

Toxin: —The organism produces both endo- and exo-toxins. During 
its growth, the organism produces a ferment, pyocynase, which is exceed¬ 
ingly thermostable and has the power to dissolve certain bacteria, such as 
B. anthracis and C. diphtheria 1 . A concentrated solution of this ferment (a 
broth culture filtrate which is evaporated in vacuo to one-tenth of its 
volume) is used for the purpose of protecting animals against anthrax infec¬ 
tion and also used locally for removing diphtheria bacilli from the throat of 
convalescent cases. 

Pathogenicity: —The organism is pathogenic to laboratory animals, 
specially guinea-pigs. The subcutaneous or intraperitoneal injection of 
o*5 to 1 e.c. of a broth culture kills the animal in a day or two from 
toxemia. There is also a severe local inflammation with necrosis and 
oedema produced locally at the area of the inoculation. 

In human beings, its pathogenic power is comparatively slight. The 
organisms have been found as secondary invaders in certain suppurative 
conditions of the body, being responsible for the cause of “blue or green 
pus.” The organism may, however, be the primary cause of infection, 
specially in ill-nourished children, causing diarrhoea and general infection, 
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and in adults whose general health is poor. It is responsible for chronic 
otitis media and of some cases of gastroenteritis in children. The organism 
has also been encountered in cases of empyema, broncho-pneumonia, 
ophthalmia, pericarditis, in blood in cases of septica-mia and also in genito- 
urinary infections. 

Serratia marcescens (B. procligiosus) —This is a minute Gram-nega- 
tive bacillus which is found as a harmless saprophyte in water, soil and also 
in contaminated foodstuffs. It ran he grown in ordinary cult lire media 
and the colonies are recognised by their characteristic red colour. It 
is devoid of any pathogenic property. The importance of this organism 
lies in the following’: — 

(i) It is used as a test organism to decide the si^e ol the pores o( a 
Bcrkefeld filter. 

(ii) It is sometimes employed in anaerobic cultivation t<r absorb oxy¬ 
gen and create a condition of anacrobiosis (\ide p. ^Nj). 

(iiij The organisms are sometimes used in the treatment ol inoperable 
sarcomata and other malignant growths. Kor such a purpose, 
Coley used a vaccine of S. marcescens and virulent Strepto¬ 
cocci, in doses of 0*05 e.c. Such a \accine is often referred 
to as ('nicy's fluid. 


BRUCELLA 

Brucella meliterms 

The causa lire organism of undulanl ferer. 

Synonyms— Alcaligenes mclilcnsis ; Bacterium melilense; Bacillus meli - 
tensis; Micrococcus melitensis . 

Bruce, in 1887, isolated the organism from the spleen of a patient who 
died of undulant fever and was able to reproduce the disease in monkevs. 
That the infection is transmitted by goat’s milk was pro\cd iK vears later 
( 1 c i°5) By dammit who was a member ol the Mediterranean fever com¬ 
mission. 

Habitat: —It is a strictly parasitic organism. 

Morphology: —This is a minute organism and occurs singly, in pairs 
or even in short chains. Although definite bacillary forms are encountered 
(as in culture), it is more often coceo-bacillary in nature. It is a nun- 
sporing and non-motile organism. 

Staining: —It is Gram-negative. 

Cultural characters:- H is an aerobe and can easily be cultivated in 
ordinary media but the growth is somewhat slow. It’ grows best at a 
temperature of 37 °C. and preferably in an alkaline medium. 
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Atrar _ h irrows slowlv and takes about 2 to 4 
** times even longer. Colonies are minute and transparent, like 
drops of dew. In old cultures, a brownish colour of the 
medium is noticeable and often crystals may appear. 

Broth— Slight turbidity after 24 hours. 

MacConkey’s medium—No growth. 

Litmus milk—Alkaline without coagulation. 

Siijjar media—No fermentative properties. 


H..S production—Nil. 

Resistance: —The organism can withstand cold and drying for a long 
period without losing its vitality. Acid, produced by the souring of milk, 
has no effect on the organism. It is readily destroyed by heat and chemical 
antisept ics. 

Tn.xin production -Whether any toxic product is formed by the orga¬ 
nism has not been satislactoriiy demonstrated. 


Scrolooiml miction: — Agglutinins are developed in the serum of 
patients suffering Irom undulant lever, as well as in the serum of infected 
animals (goats). This is utilised in the diagnosis of the disease during’ life 
(ciJc infra). 


Animal inoculation: —The common laboratory animals, such as guinea- 
pii 4 s, rabbits and mice, can hardly be infected except by intracerebral inocu¬ 
lation. For experimental work, monkeys are being extensively used, as 
in them the disease, exactly comparable to that in man, may be produced, 
either by feeding or by scarification of the skin. 


I'athogi'nicity: —It is primarily a disease of goats in which the organism 
causes a septieiemic infection. Sometimes, a localised disease in the udder 
is also produced. On certain occasions, it may produce abortion in preg¬ 
nant animals. The incidence of this caprine (goat) infection is very high 
(50 per cent.) in Malta. How the disease is transmitted from goat to goat 
is not yet definitely established. 


In human beings, the 1 organism produces the disease known as undu¬ 
lant lever, so called on account ot its successive waves of p\rc\ia lasting 
lor j to 3 weeks and alternating with periods of remission; this may extend 
over several months (3 to 4 months). The disease is also associated with 
enlargement of the spleen, secondary amemia, transient painful swelling 
ot the joints, orchitis and neuralgia. It is also called Malta fever or 
Mediterranean lever because of its common incidence in the shores of the 
Mediterranean and in its islands. 1 he infection is conveved bv drinking 
goat’s milk in which the organisms are excreted in large numbers. Such 
infected milk, however, does not show' any gross physical or chemical altera¬ 
tions. As the organisms are not destroyed by the souring of the milk, 
infection may also occur from eating milk-preparations, such as butter and 
cheese. 1 he infection has also been reported to occur through skin wounds 
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and abrasions and cases are on record where laboratory workers were in¬ 
fected from handling cultures of Br. melitensis. The infection has also been 
known to occur in persons who handle infected milk. I he disease has a 
low mortality, varying from 2 to 9 per cent. The organism gains entrance 
into the blood either through the digestive tract or through skin abrasions, 
producing bacterhemia without any local lesions. Post mortem, no 
characteristic morbid changes could be detected, excepting an enlarged, 
soft and diffluent spleen. Brucella melitensis can be isolated in pure cul¬ 
ture from heart’s blood and splenic material. 

Thcrapentic constderations 

Vaccine—The Mediterranean Fever Commission appointed in 1904 
found that vaccination with dead cultures of Br. melitensis 
conferred a certain amount of protection to those who were 
exposed to infection. As a rule, an initial dose of 200 mil¬ 
lions of organisms, followed later by a second dose of 400 mil¬ 
lions, will suffice for the purpose. 

Serum—Injection of an antiserum, obtained from convalescents from 
undulant fever, is found to have some specific effect in the 
course of the disease. 

Prophylaxis: —This consists in destroying all the infected goats and us 
a personal protection to drink boiled milk in the endemic areas. As said 
above, prophylactic vaccination may be of some value. 

La bora to ry diagnos is 
This consists of the following: — 

(i) Isolation of the organism from blood, spleen puncture and less 

commonly from urine (10 per cent, of the rases). It has also 
occasionally been obtained from i;eces. Blood culture is usually 
positive in the early stages of the disease, the spleen culture is 
positive at all stages and urine culture after the first fortnight of 
the disease. 

(a) Film prepared from spleen puncture material, when stained by 

Gram's method, will reveal the characteristic Gram-negative 
cocco-baeillus. 

(b) For a successful culture, at least 10 c.c. of blood should he taken 

and, during primary cultivation, a long incubation period, 
such as about a week, is necessary, before the growth can 
be detected. 

(c) In the identification of the organism, agglutination reaction with 

stock sera should be resorted to. 

(ii) Serum diagnosis—Agglutinins begin to appear in the blood serum 

after the fifth day of the disease and arc of great diagnostic value 
after the first fortnight of the fever. Macroscopic agglutination 
is carried out in a series of ascending dilutions (1 :25 to 1:1,000 
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dilution) against an emulsion of dead organisms and a litre of i 
in 100 may he taken as almost diagnostic. It should he noted 
that normal serum may agglutinate the bacilli in i in 100 dilution 
hut this effect can he overcome hv heating the serum to 55°C., 
which does not affect the specific agglutinins. Moreover, in 
patients suffering from undulant fever, the titre limit, like enteric 
fever, gradually rises and this will also confirm the diagnosis. 

(iii) Burnet’s intradermal test—This consists in the injection of 0*1 to 0*5 

c.c. of the filtrate of a killed broth culture (mclitinc). A positive 
reaction is characterised by the appearance of a localised redness 
and (edema 6 hours after, at the site of inoculation. 

(iv) Other accessory methods, such as a high mononuclear increase in 

the blood, may he of value. 

Brucella paramelitensis < Bacillus panmidiiensis )—A strain serologically 
different from Br. melitensis has been isolated from some cases of undulant 
fever. It has been suggested by some that it represents the rough variant 
of Br. melitensis. 

Brucella abortus (Bacillus abortus, Alciiligcucs aburius):- —Discovered 
by Bang in 1S07 in Copenhagen. The organism causes contagious abortion 
of cattle and swine by infecting the chorionic cells. In man it produces a 
disease indistinguishable from undulant fever (abortus type of undulant lever). 
The infection is obtained by drinking infected cow’s milk or by handling 
infected animals. Br. abortus and Br. melitensis resemble each other so 
closely that it is difficult to differentiate one from the other except by absorp¬ 
tion of agglutinin. 'There are two types— porcine (pig) and bovine (cattle)— 
of which the former is more related to Br. melitensis and is of greater viru¬ 
lence to human beings. The bovine type, however, cannot be grown under 
aerobic conditions and for its primary cultivation, it requires a micro-serophilic 
condition, a high C O_, content (10 per cent.) of the atomsphere being prefer¬ 
able. The presence of certain dyes inhibits the growth of Br. abortus but 
not of Br. melitensis. Thus, basic fuchsin (1 125,000) inhibits the growth of 
porcine type and thionin (1 :50,000) that of bovine type. Production of H 2 S 
by Br. abortus is another property which differentiates it from Br. melitensis. 
Another important point to be noted is that the inoculation of Br. abortus 
into a guinea-pig causes tubercle-like lesions in the spleen. 

A strain, serologically different from Br. abortus, has been described and 
is ( idled Br. para-abortus. 'This is supposed to be the rough variant of the 
former. 

Brucella bronchisepticus (Bacillus bmnchiscpticus) —It is related 
biologically to the above two organisms and been found as a secondary 

invader in canine distemper, a disease can-. filter-passing virus, and in 

which it is often responsible for the y ..ry complication (broncho¬ 
pneumonia). It also causes broncho-pnen m rodents. The organism 

is, however, motile and possesses 4 to 6 p. .Ac flagella. 
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Pfeifferella mallei ( B. mallei or Glanders bacillus ) 

The causative organism of glanders . 

The organism was discovered by Locfik-r and Schulz in 1882 from a 
horse dying of acute glanders. 

Habitat: —It is strictly parasitic, being found chieily in equines and 
man. 

Morphology: —I he organism is generally a straight or slightly rimed 
rod, measuring about 2 to 5 /a in length and occurring singly. It does not 
form spores, has no capsule and is non-motilc. Variation in si/c and 
form is often encountered. In cultures, long filamentous forms with lateral 
branching* may occur; they are occasionally segmented and may have club- 
shaped extremities. 

Staining reactions: —PI. mallei stains readily with the usual aniline d\es 
and is (iram-negative. In tissues and in pus, the organism shows a granu¬ 
lar or beaded appearance which, like (\ diphtheria-, is due to an inherent 
irregularity in the normal protoplasmic compoMtion. It is not acid-last. 

Cultural characters: —PI. mallei is aerobic but facultatively anaerobic 
and grows best at 37°C. It thrives on ordinary media but the addition of 
glycerin (5 per cent.) or small quantities of glucose into the media assists 
growth. The colonies are somewhat slum and tenacious and ha\e a 
brownish tint. 

On potato slope —The growth is most characteristic and has certain 
features which are diagnostically important. \o growth is usually visible 
within 3 days. After this period, there appear raised, translucent amber- 
yellow* colonies, like drops of honey. With further incubation, the colonies 
coalesce, become opaque and reddish-brown and in eight daws’ time they 
turn chocolate brown. 

In broth, it produces uniform turbidity and after a week’s cultivation, a 
white scum begins to appear on the surface. 

Biochemical reactions: —(ducose is the only sugar which is fermented 
with the formation of acid only but no gas. 'The i« action is vers slow and 
may take as long as 2 to 3 weeks. In litmus milk, it produces slight acidifica¬ 
tion with late curdling. 

Resistance: —Pf. mallei is not very resistant. Complete desiccation is 
often fatal in 24 to 48 hours. When exposed to strong sunlight, it is hilled 
in 24 hours. Heating to 6o°C. kills it in less than 10 minutes. 

Action of germicides :— 

i per cent, carbolic acid kills it in minutes. 

3 per cent, carbolic acid, , in 5,000 bichloride of mercury and 1 per 

cent, solution of potassium permanganate kill it in -< to ? 
minutes. ~ 
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It may survive for one or two months in water and this is an important 
practical point in connection with the spread of the disease through public 
drinking troughs. 

Toxins: The organism does not produce any exotoxin but an endotoxin 

ran he easily obtained by extraction of the dead bacilli. This is known as 
mullein. One of its c hief characteristics is its resistance, it being capable 
of withstanding temperatures of i2o°t\ and prolonged storage with but little 
loss of its potency. 

Preparation of mullein :—Virulent organisms are grown in a 5 per cent, 
glycerin broth for 3 to 4 weeks. 'Die culture i 4 * then sterilised either by 
steaming at ioo°C\ for 30 minutes or in the autoclave and then filtered. 
'1'liis filtrate is concentrated to one-tenth of its original volume by evaporating 
in a water bath. 

I'sc :—Malkin is used in veterinary work in 1 r.r. doses to test the sen¬ 
sitivity of an animal to glanders infection. It has no effect when injected 
into a healthy animal. It should be remembered that mallcin test, like the 
tuberculin reac tion, is an example of allergic- phenomenon. It is, however, 
not used in human beings for diagnostic purposes. Mallcin mav also be con¬ 
sidered to be similar to “tuberculin" for the following reasons*.— 

(i) It is an endotoxin like tuberc ulin. 

(ii) Its preparation is analogous to that of tuberculin. 

(iii) Its diagnostic- use is the same, i.c., to test the sensitivity to infec¬ 

tion. 1 he only dillcrencc is that mallcin is exclusively used in 
veterinary work. 

Serological reactions: —Injection with Pi. mallei re*sults in the' produc- 
tion of specific agglutinins in the blood of the infected animal and the titre 
may reach as high as 1 in i,e>e>e). Ibis is oi considerable importance in the 
diagnosis of glanders infection. 

C (implement fixing bodies are also present in the immune sera. 

Animal inoculation: —Ot the laboratory animals, field-mice and guinea- 
pig 4 ^ are remarkably susceptible and after subcutaneous inoculation, they 
die in a week or two, showing the following changes: — 

(1) Caseation followed by ulceration at the site of inoculation. 

(2) Enlargement of the proximal lymph glands. 

(3) A considerable involvement of the internal organs, viz., liver, spleen 

and lungs which are studded with small yellowish nodules, re¬ 
sembling miliary tuberculosis. 

Besides the above, a very characteristic lesion is developed when a male 
guinea-pig is inoculated intrapcritoneally. The organism rapidlv invades the 
tunica vaginalis where it seems to flourish best and within 3 to 5 days causes 
an acute suppurative inflammation (purulent orchitis) which is manifested 
externally by a swelling of the testicles. Post mortem, the two layers of the 
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tunica vaginalis are glued together by a fibrino-purulcnt exudate. I his re¬ 
action constitutes what is known as “Straus’s reaction” and is used for the 
diagnosis of glanders inlection, particularly in man. Death ol the animal 
occurs in 2 to 5 weeks. 

House-mice and white mice enjoy an almost complete immunity. Rab¬ 
bits are less susceptible than guinea-pigs. 

Pathogenicity 

Glanders is an infectious disease pre-eminently affecting the horse, mule 
and the ass. Cattle are practically immune. The disease is also transmitted 
occasionally to other domestic animals and to man. 

ANIMALS:—In horses, two forms of the disease are recognised, 
depending on the virulence of the infecting material and the susceptibility ol 
the animal. 

(1) Acute form (known as glanders)—This is limited to the nasal mucosa 

(septum nasi) and the upper respiratory tract, later involving the 
lungs and internal organs. 

(2) Chronic form (known as farcy)—This involves the lymphatic vessels 

and glands forming multiple swellings. 

Mode of infection :—This is not definitely known. It can certainly take 
place through superficial abrasions, either in the mucous membrane of the 
mouth and nose or in the skin. It is also believed to be* the result of swallow¬ 
ing infective material through food and drink. Street watei troughs and 
common mangers used by an infected animal serve to transmit the disease 
to healthy horses. 

Pathology of glanders :—The organisms when ingested appear to pass 
through the intestines into the mesenteric lymph nodes and then to the lungs 
where they give rise to yellowish nodular growths. In a verv heavy mlc<- 
tion, however, such nodules may also develop in the internal organs, such 
as the lymph nodes, liver and spleen. In chronic cases, the lesions may 
remain localised in the lungs for a long time without any external manifesta¬ 
tions of the disease. In acute cases, wider areas of the lungs mav be invol¬ 
ved, producing dark red, swollen, pneumonic consolidations. In advanced 
cases, the disease affects the mucous membrane of the upper respiratory 
tracts, viz., the larynx, trachea and the nasal septum and turbinate bones. 
The discharge from these lesions contains abundant bacilli and is highly 
infective. 

In the skin, small nodules develop at the site of infection. These 
gradually get bigger and then soften and break down, leaving ragged indolent 
ulcers. I hese discharge a slightly blood-stained sero-purulent matter, con¬ 
taining a large number of bacilli. The regional lymphatic glands are enlarg- 
cd, and undergo suppuration. Later on, multiple areas of suppuration mav 
develop in the skin (farcy buds). 

MA N: Infection in human beings is rare and the disease is mainly oeeu- 
pattcnaL It .s usually contracted by those who are in habitual contact with 
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horses and also with asses and mules. Thus, nearly all cases are seen 
amongst ostlers, grooms and coachmen. 

The usual mode of infection is the contamination of a cutaneous wound 
or abrasion with the infected discharge from an animal. The disease is also 
known to have been contracted in the laboratory. 

In man, it also occurs in acute and chronic forms. The lesions 
closely resemble those found in the horse but the disease usually runs a more 
acute course, producing signs and symptoms of pyaemia. I’nder such cir¬ 
cumstances, abscesses are formed in the skin, muscles, joint cavities and the 
internal organs, such as the liver, spleen and lungs. 

Therapeutic considerations: —Attempts to immunise animals by injections 
of vaccines prepared from dead or living organisms or of products of bacterial 
growth have not been met with success. Nor any effective anti-serum has 
so far been made to protect infected animals and man against the disease. 

Laboratory diagnosis of glanders 

This consists of the following: — 

1. Microscopical examination. 

2. Cultural examination. 

3. Animal inoculation test (Straus's reaction). 

4. Serological reaction. 

5. Mallein test. 

Microscopical: —Films prepared from pus or any discharge are stained 
with methylene blue and by (iram's method. The finding of somewhat 
headed or granular, (tram-negative bacilli U suggestive. It should be 
remembered that in old lesions it is very difficult to find the bacilli. 

('ultural: —The best medium for the purpose is a potato slope. The 
growth is recognised as amber-yellow colonies after 3 days’ incubation, 
becoming chocolate-brown by the eighth day. Such a positive result is 
obtained when the culture is made direct from an unbroken nodule. With a 
mixed infection, however, cultures often yield a negative result. 

In such cases, isolation of the organism may be possible by animal ino¬ 
culation, since the organism can be obtained in pure culture from the tunica 
vaginalis testis of the inoculated guinea-pig. 

Animal inoculation: —This is rarely required for the diagnosis of the 
equine glanders but is usually necessary for suspected glanders in man. A 
fully developed male guinea-pig is selected and an injection of 0*5 to 1 c.c. 
of the emulsion of the material is injected intraperitoncallv. In 3 to 5 days, 
the Straus’s reaction (swelling of the testicles) is observed. 

Serological reaction: —Agglutination test has been used for the diagnosis 
of glanders in horses. '1 he technique is the same as that for the Widal’s 
reaction in typhoid fever. It is preferable to use an emulsion of dead cul¬ 
ture for personal safety. Serum dilutions are made from 1 in too to 1 in 4,000 
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and the tubes incubated for 24 hours at 37°C. Agglutination reaction 
occurring" in high titre, such as 1 in 1,000 or more, should only be accepted 
as significant of infection. 

Complement fixation test has also been used for diagnostic purposes 
and it has been regarded as more reliable than the agglutination reaction. 

Mallein test 

It is used to diagnose glanders infection in an animal. Routes of ino¬ 
culation are subcutaneous, ophthalmic and intradermopalpebral. A subcu¬ 
taneous injection of 1 c.c. of mallein in the skin of the neck produces in the 
infected animal the following changes: — 

(1) Local reaction—Formation of a large and painful inflammatory swell¬ 

ing, reaching a diameter of 5 inches in 24 hours. 

(2) General reaction—Within 6 to 8 hours, there is a sharp rise of tem¬ 

perature—1"5 to 3°C. above normal. 

(3) Focal reaction—The affected lymphatic vessels or farcy buds become 

swollen. 

The subcutaneous mallein test has ceased to be used as a practical 
method for the field diagnosis of glanders, having been supplanted by the 
following two tests. 

The ophthalmic test: —A conjunctival reaction may also be elicited which 
appears to be more convenient and reliable. About 3 drops of concen¬ 
trated mallein are dropped into one of the eyes of the animal. A positive 
reaction is manifested by swelling of the eyelids and a purulent secretion 
from the tested eye. The reaction usually commences within 5 or 6 hours 
and lasts from 24 to 36 hours. 

The intradcrmo-palpehral test: —About o'1 c.c. of 1 in 4 concentrated 
mallein is injected into the dermis of the lower eyelid. A typical reaction 
appears after 10 to 12 hours and is characterised by an extensive oedema 
involving both the upper and lower eyelids so that the eye is almost closed. 
There is also an acute conjunctivitis. 

Pfeifferella whitmori (B. whitmori) 

A rare tropical disease known as melioidosis, resembling glanders and 
affecting man, has been observed in Burma and the Malay States. It is 
principally an infection of rats and rodents amongst which it occurs as an 
epizootic. The disease is communicated to man from these animals and is 
characterised by a long continued fever of a septic type, broncho-pneumonia, 
abscess formation in the internal organs and a fatal termination. The 
causative organism (Pf. whitmori) was first isolated by Whitmore from a 
glanders-like disease (melioidosis) in human beings in Rangoon in 1913. 

In 1921 Stanton and Fletcher gave the name melioidosis to this disease 
and B. (Pf.) whitmori to the causative organism. 

Pf. whitmori resembles Pf. mallei in certain respects but differs from it 
in many others. 
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Morphologically —These two organisms are fairly similar with the excep¬ 
tion that Pf. whitmori is actively motile and frequently shows bipolar 
staining. 

Culturally —Pf. whitmori grows more rapidly and luxuriantly than Pf. 
mallei. On MacConkey’s agar, Pf. whitmori grows freely, forming red 
colonics (being lactose fermenter) while PI. mallei entirely tails to grow. 

Biochemically —Pf. whitmori on first isolation is an active fermenter of 
sugars, producing acid but no gas in glucose, lactose, maltose, saccharose, 
dulcitol and mannite. 

Serologically —The two organisms are almost identical. 

Puthogemcally —Roth the organisms are able to reproduce typical 
Straus’s testicular reaction on intraperitoneal injection into a male guinea-pig. 
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HEMOPHILUS 

The generic name, “Haemophilus,” was given by the society of American 
Bacteriologists, because of the fact that the presence of hemoglobin in the 
medium is an essential requirement for the artificial cultivation of these* 
bacteria. This group includes the following: — 

A. Those affecting the respiratory tracts :— 

1. I hemophilus influenza’ (B. influen/a* or IMeit'ter’s bacillus'). 

2. Ihemophilus pertussis (It. pertussis; or Bordet-< i»*ngou haiillus of whooping 
cough). 

B. Those a fleeting the conjunctiva :— 

3. Ihemophilus conjunctii'itidis (Koch-WeeUv bacillus of acute infectious 
conjunctivitis)—Ibis is now regarded ;t», identical with 11. intlurn/a 1 . 

4. I hemophilus laeunatus (Morax-A\enl**ld bacillus of subacute infectious 
conjunctivitis or angular conjuncm itisi. 

(\ Those affecting the genital tracts : — 

5. Ihvmophilus ducreyii (Ducrej’s bacillus of soft chancre). 

HEMOPHILUS INFLUENZE 

(B. influenza' or Pfeiffer's bacillus of influenza.) 

Historical: — Pfeiffer, in 1892, observed these organisms in the sputum 
of patients suffering from influenza and was successful in obtaining 
them in pure culture by cultivating in a medium containing luemogiobin. 
He regarded the organism as the etiologic al agent of influenza. 

Morphology : —The influenza bacillus of Pfeiffer is an extremely 
minute organism, measuring about o’5 by o 2 /x . The organisms are 
found either singly or in pairs, being arranged end-to-end, or most com¬ 
monly in clusters, but never in chains. They do not form spores, have no 
capsules and are non-motil". In artificial cultures, there is marked 
pleomorphism and the organisms may show various shapes and sizes. 

Staining reactions: —The organism, unlike other bacteria, is difficult 
to stain with the usual aniline dyes. The most successful stains are dilute 
carbol fuchsin (1 in 10 dilution of Ziehl-Neelsen’s stain) for 5 to 10 minutes 
or Loeffler s methylene blue tor 5 minutes. The best results are obtained 
if the smear is first treated with dilute acetic' acid and then the stain is 
applied. I he bacilli may show bipolar staining, the ends taking the stain 
more deeply than the centre which takes the stain less intenselv (c/# 
Pastcurella pestis). It is Gram-negative. 
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Cultural Characters :—The organism is an aerobe and grows best at 
or near the body temperature (37°*5^)- It cannot be cultivated in ordinary 
nutrient agar and the usual blood agar medium is also not very satisfactory. 
'Die addition of altered blood (boiled or digested), however, greatly promotes 
the growth of the organisms. The following media (p. 70) are very suitable 
for this purpose: — 

(1) Boiled blood agar (cooked blood agar or chocolate agar). 

(2) Agar containing peptic digest of blood (Fildes medium). 

X and V factors: —I’nlike all other bacterial species, the influenza group 
of bacilli requires for their permanent cultivation, the presence of certain 
accessory growth factors in artificial media. Of these, two have been 
recognised and are named as X and V factors. These have no nutritional 
effects but are accessory food factors comparable to vitamins in mammalian 
physiology. 

The .Y factor is associated with metha*moglobin or hamatin and may 
be obtained from the hamoglobin of any species of animal, although it is also 
associated with the iron-containing substances present in fruits, potatoes 
and other vegetable materials. This factor is thermo-stable, remaining 
unaltered even after autoclaving at i2o°C\, and a very minute amount is 
sufficient for the purpose. Its action is of the nature of a catalytic agent, 
accelerating the transfer of atmospheric oxygen to the organisms which 
under normal circumstances are unable to utilise such oxygen directly. For 
this purpose they employ only the intermediate peroxides with the help of a 
catalyst (X-factor). 

I he 1’ factor is present in fresh animal and vegetable tissues including 
blood, fresh potato, yeast, etc. It is thermo-labile, being destroyed at a 
temperature of ioo°C\ and a much larger quantity of the substance is 
required for growth. The mode of action of the V factor is not definitely 
known. 

Character of the colonies :—Within 24 to 48 hours, colonies are just 
visible to the naked eye and they appear as very minute transparent circular 
dots—like “drops of dew.” 

Sometimes the organism can be cultivated on ordinary blood agar 
medium, when grown in symbiosis with pyogenic cocci. If a blood agar 
plate is inoculated with influenza bacilli and staphylococci, many fairly large 
colonies of the former are found in the neighbourhood of the colonies of the 
latter. Such a ' satellite' growth of H. influenza* in symbiosis with pyogenic 
cocci is very characteristic. 

Biochemical reactions: —It has no proteolytic action, neither does it 
liquefy serum or gelatin. Indol formation is variable, as some strains pro¬ 
duce it while others do not. 

H. influenza* does not produce any characteristic fermentative reaction 
in sugar media. 
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All influenza bacilli have the power to reduce nitrates to nitrites. 

Haemolytic activities of H. influenza* are variable. There are some 
strains of this group of organisms, which produce marked luemolvsis of red 
blood cells, while there are others which do not cause any such change. 

Resistance: —Influenza bacillus is an extremely delicate organism. It 
is very sensitive to heat, desiccation and weak antiseptics; thus, outside the 
body it cannot live for any length of time. Direc t sunlight kills it in 
y to 4 hours and in dried sputum it dies within one to two hours. A tem¬ 
perature of 6o°C. acting for 5 minutes will kill the bacilli. Weaker 
antiseptics, such as phenol 2 per cent., produce instantaneous death. 

In cultures, the vitality does not persist for more than a lew da vs; the 
organism dies quickly, unless it is frequently subcultured, say even 4 to 5 
days. 

Toxin production :—The nature of the toxin is not definitely known. 
An emulsion of the organisms, either dead or alive, when injec ted into the 
peritoneal cavity of a rabbit or guinea-pig, causes death of the* animal with 
petechial hemorrhages on the peritoneal and pleural surfaces. 

Serological reactions: —Up till now, no definite serological tests arc 
known which can be utilised as diagnostic methods for the- disease. The 
blood serum of patients and immunised animals may agglutinate the bacillus 
but, owing to the presence of several strains, the phenomenon is inconstant 
and variable. Complement fixation tests have been described but thev do 
not, in any way, materially help the serological analysis of the influenza 
bacilli. 

The blood serum of convalescent patients and immunised animaK also 
contains certain antibodies, such as bactcriotropins and bactcriolvsins. 

Animal inoculation: —The common laboratory animals cannot be 
infected experimentally with the organisms. 

Pathogenicity: —No animal except man acquires influenza under 
‘natural’ conditions. Since the time of Pfeiffer (1K02), this organism has been 
found to be intimately associated with the disease known as ‘clinical 
influenza. It has been suggested that infection usually occurs in the* upper 
respiratory tracts where the bacilli may produce an acute catarrhal 
inflammation. Subsequently, the infection may extend into the lower 
respiratory tracts, involving tne lungs and producing bronchitis and broncho¬ 
pneumonia. In very severe cases, the organisms may gain entrance into the 
general blood stream. The bacilli may be found in large numbers in the 
nasopharynx, as well as in the sputum. 

Rarely, the organisms may be isolated from the blood in cases of 
septicemia and from the cerebrospinal fluid in cases of meningitis. 

In the upper respiratory tracts, the H. influence may cause a more or 
less chrome inflammation which may spread into the neighbouring structures, 
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producing sinusitis, otitis media, conjunctivitis and other ocular complica¬ 
tions. A bacteriological examination of the discharge from these areas often 
reveals a pure culture of the organism. 

Although H. influenza* has been constantly found in cases of 
'clinical influenza,’ the true etiological relationship of the organism with the 
disease has not yet been firmly established. Whether the organism is the 
primary infecting agent or it is only a secondary invader, being superimposed 
on an already inflamed respiratory mucosa brought about by an as yet 
undetermined factor, is still an open question. In these cases of ‘clinical 
influenza,’ other secondary micro-organisms, such as D. pneumonia*, 
Str. hamolyticus and N. meningitidis, are also found along with H. influenza* 
and it is the infection by the secondary organisms, which determines the 
severity of a case of influenza. 

Sole :—In ut> i, Olitsky and Gates cultivated an organism, Dialister (Bacterium) 
Iweuinositilcs. ana**n ►Ideally in Smith-Noguchi V medium from filtered na.so-pharvngeal 
washings <»1 eases of influenza during the earlie.st stages of the illness. 

Therapeutic considerations: —Owing to the absence of exact know¬ 
ledge about the etiological agent of influenza, specific vaccines do not 
offer any material help. The vaccine which is used for prophylaxis is a mixed 
one, consisting of H. influenza* (100 millions), D. pneumonia* (100 millions), 
Streptococci (40 millions) and \. catarrhalis (roo millions). Two inocula¬ 
tions are given at an interval of ten days, the second dose is twice that 
of the first. 'Hie idea of giving such a vaccine is to raise the resistance 
against the secondary infections which are so harmful as compared with 
the “primary invader,” and when regarded in this light, it appears rational. 

Considering that the fatality of a case of influenza is due to streptococcal 
septicaemia, early administration ot anti-streptococcal serum in very bad 
cases is worth trial. 

Diagnosis: —The diagnosis of the* disease mostly rests with the 
clinicians and finding of large numbers of H. influenza* by microscopical and 
cultural examinations in a case of the respiratory type, is a verv valuable aid. 
l.eucopenia which is a feature ot the disease may be of some value in the 
diagnosis. 


HAEMOPHILUS PERTUSSIS (Bacillus pertussis) 

Boniet-dcngou bacillus of whooping cough. 

In !C)c>6, Bonlct and detigou cultivated the organism from the sputum 
ol whooping cough patients. 

Morphology: —Ha»mophilus pertussis bears a considerable morphologi¬ 
cal resemblance to H. influenza* with which it is frequently associated. It 
is a small ovoid bacillus without any capsule. It does not possess any 
flagvlla, is non-motile and does not form any spore. 

Staining reactions: —It is Gram-negative. Bordet and Gengou 
recommended the phenol-toluidine blue staining solution with w’hich the 
bacilli are best stained. When stained with this stain, the bacilli show polar 
staining. 
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Preparation of the stain :— 

Toluidin blue ... ... ••• ••• 5 £ ms * 

Alcohol ... ... ... ••• c c * 

Water ... ... ... ... ... 5 ° () c c * 

Dissolve and add 500 c.c. of a 5 per cent, solution of carbolic acid in water. Lot this 
stand for one or two days and then filter it. 

Cultivation: —It is aerobic and grows well at a temperature of 37°*5C. 
Accessory growth factors (X and Y) are not required by the H. Pertussis 
which can grow without them. 

The best medium for the primary cultivation of this organism is blood 
agar but growth may be obtained in ordinary laboratory media after repeated 
subcultures. Special medium (p. 71) used for the isolation of the organism 
is Bordet-Gengou medium (Glycerine-potato-blood-agar). 

Character of the colonics: —The colonies become visible to the naked 
eye after 48 hours’ incubation at 37°C., when they appear as moist, raised, 
opaque areas of pearly-white lustre, surrounded by a zone of hiemolysis. 

Biochemical reactions: —It does not ferment any carbohydrate, lias 
no liquefying action on proteins, does not form indol and has no reducing 
action on nitrates. 

Toxins: —Endotoxins are only produced. 

Serological reactions: —Injection of the organisms into an animal is 
followed by the formation of agglutinins and complement-fixing bodies in 
the blood. 

Pathogenicity 

ANIMALS: —Whooping cough has never been produced experimentally 
in animals. Intravenous or intraperitoneal injection of autolysed cultures 
will usually kill a rabbit within 24 to 48 hours by toxic effects. 

MAN: —In human beings, it produces the disease whooping cough, 
characterised by catarrh of the respiratory tracts (the catarrhal stage), 
followed later by periodically recurring laryngeal spasms (paroxysmal stage). 
Whooping cough is essentially a disease of childhood, having a special 
tendency to attack young infants. The disease is transmitted from person 
to person bv fl droplet infection.” The droplets of sputum, disseminated bv 
a coughing patient, contain large numbers of bacilli which gain entrance into 
the respiratory tracts. The disease is most infective during the catarrhal 
stage before the whoop develops. 

Lesions: —The organism does not produce any gross lesions. The 
principal feature of the disease is some laryngitis and bronchial catarrh, 
characterising the initial catarrhal stage of the disease which lasts about a 
week or thereabout. Later the characteristic whoop develops and the 
patient enters into the second or paroxysmal stage which lasts for about 
5 to 6 weeks. The organisms which are deposited on the throat and air 
tubes rapidly multiply and destroy the cilia or mechanically interfere with 
their functions. As a result, the secretions accumulate in the air passages, 
leading to irritation which excites the spasmodic cough. 
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Certain lung complications may develop in the course of whooping 
cough. One of the common complications is broncho-pneumonia which is 
usually caused by secondary organisms present in the throat; the usual 
invading agent being Streptococcus haemolyticus. 

Another very important complication which may occur during the con¬ 
valescent period is the flaring up of a latent tuberculous focus (acute miliary 
tuberculosis) in whooping cough patients (children) unless they are properly 
looked after. 

Owing to the strain of coughing, certain complications arise, such as 
subconjunctival and other haemorrhages, appearances of hernia.*, prolapse of 
tectum and also myocardial degeneration. 

Therapeutic considerations: —Debre (1926) is of opinion that con¬ 
valescent serum, obtained from patients in the fourth week,when used in 
small amounts, such as 3 c.c., can protect contacts. 

'1 he majority of workers believe that the prophylactic use of a pertussis 
vaccine confers a certain amount of immunity against an attack and even 
those who may contract the disease get it in a milder form. Maiiscti recom¬ 
mends three subcutaneous injections ot a vaccine, containing 10,000 millions 
of organisms per c.c., at intervals of 4 days. The doses are 0 5, 0*7 and 
ro ( respectively. Bhumi, on the other hand, recommends the use of a 
mixed vaccine, containing H. pertussis, 5,000 millions and H. influenza.*, 
3,500 millions per c.c. The vaccine employed should be a fresh one and not 
more than 10 days old. Three subcutaneous injections of 1 c.c. of the 
vaccine are given on alternate days and the immunity established is main¬ 
tained by injecting 1 c.c. of the vaccine every second year. 

A pertussis vaccine, when used for curative purposes , no doubt lessens 
the se verity of the paroxysmal stage and shortens its duration. In order to 
get the maximum benefit, it is advisable to use the vaccine therapy as early 
as possible'. Bloom (1025) recommends the* use of a freshly prepared mixed 
vaccine, same as that used for prophylactic purposes. Doses of 1 c.c. are 
give*n on alternate days until the prominent symptoms disappear. 'Then the 
vaccine is given on the third or fourth day. 

Prevention of whooping cough: —This consists of the following: — 

(1) Use of a prophylactic vaccine before the attack. This has already 
been described. 

(2) Isolation of the sick: —The' period of quarantine depends on the 

probable duration of infect ivity. Whooping cough is infectious during the 
catarrhal and early paroxysmal stages and the bacteriological investigation of 
whooping cough patients shows that the bacilli are found in considerable 
numbers during the first fortnight of the cough. The bacilli then disappear 
completely in most cases during the fifth am* - *h weeks. This can be 
observed from the following data given by Kristenseu (1927) about 

the frequency of the presence of H. pertussi* tients at different stages 

of the disease. 
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Stage of the disease. 



7 *et cent, positive. 

Catarrhal stage 

... 

... 

... 75 

Paroxysmal stage, 1st 

week 


... 57 

.. 2nd 

week 


61 

.. 3 rtl 

week 


... ... 45 

.. -t'* 1 

week 


... 40.5 

„ „ 5'h 

week and later 


y.o 


Thus, to control the spread ol’ infection in a large number ol cases, the 
ideal method will be to isolate the patient for a period ol 5 weeks from the 
commencement of the whoop and to discharge him when the paroxysmal 
cough has ceased for a fortnight. Before releasing the patient I rum 
quarantine, it would be an additional safeguard to make use of “release 
cultures,” i.e., if three successive cultures from the throat prove sterile, the 
patient can be set free. 

Laboratory diagnosis: —The diagnosis of whooping cough in its 
catarrhal stage is a very difficult problem and it is practically impossible 
unless the characteristic whoop is heard. The one which is ol assistance in 
the early diagnosis is the presence ol lymphocytosis (15,0(10 to 50,000 
per c.mm.) in the patient’s blood. For the bacteriological diagnosis, 
however, the following measures are resorted to—microscopical, cultural and 
serological examinations. 

1. Microscopical —In the early stages ol the disease, 1111* H. pertussis 
may be present in large numbers in the sputum but it is not possible to 
identify it with certainty from a simple microscopical examination ol a 
stained film. 

2. Cultural —Successtul results are obtained by this method in the 
catarrhal stage and the first week of the “whoop.” 

I he thick viscid pellets which are voided at the end ol a parox\sm or 
the invisible droplets which come out during the act ot coughing, are the 
best materials lor cultural purposes as they come out from the* depth of the 
respiratory tract and contain plenty ol bacilli. Nasal and buccal secretions 
often yield a negative result. J wo methods may be cmplovod lor obtaining 
samples for cultural examination. 

First method —In this procedure, a lit ol cough is induced bv depres¬ 
sing the tongue of the patient with a spatula. The little pellet of expectora¬ 
tion which is voided at the end of the paroxysm is collected on a sterile gau/e 
or cotton wool. This is then washed several times in sterile saline and 
inoculated on to the special medium. This method is a difficult one as it 
requires the help of an experienced person to obtain tlu* samples. 

Second method I his consists in holding a plate of spec ial medium w ith 
lids removed, lor a quarter of a minute, in front of the patient’s mouth, 
during the paroxysm of cough. The plate is kept at a distance ol 4 to 6 
inches from the patient so that he does not actually spit but coughs on to the 
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plate. Hy this procedure, the invisible droplets of sputum (containing 
numerous bacilli) come out of the depth of the respiratory tract and are 
c aught on the* plate. 

After sampling, the plate is returned to the laboratory as early as 
possible and inc ubated at 37°C\ for two days. The growth can not be seen 
before two days, after which the* plate is examined for the characteristic 
pearly colonies of H. pertussis. A film is then prepared from the suspected 
colony, stained by Grain's method, using dilute carbol fuehsin as the 
counte rstain, and examined for the characteristic organism. 

3. Serological: — .1 ulination reaction is less reliable for diagnostic 
purposes. The test may however be of some value when a complete and 
prompt reac tion occurs with a dilution of 1 in 100 to 1 in 200 of the 
patients’ serum. 

Complement fixation test, as mentioned before, can not be utilised for 
diagnosis in ilu* early stages. During the later stages of the- disease.and 
after the* attac h is over, confirmation of the* diagnosis can be obtained by this 

HAEMOPHILUS CONJUNCTIVITIDIS 

(Bacillus of hitch -II eeks.) 

This mic ro-organism which is the cause of acute contagious con¬ 
junctivitis was first desc ribed by ivoc/i (1SS3), while he was in Egypt. Later, 
Weeks (1SS7), in New York, noted the same organism and was able to 
cultivate and reproduce* the disease on human conjunctiva by inoculation. 

Ibis organism is identical with H. influenza* which it resembles 
morphologically and culturally and in staining reactions. It is not possible 
to distinguish the- two bacilli except perhaps by direct inoculation into the* 
human eve. Koch-Weeks bacillus will produce an acute conjunctivitis 
while Pfeiffer’s bacillus will fail to produce any. 

Diagnosis of acute infectious conjunctivitis:— 

Microscopical :—This consists in making a smear from the con¬ 
junctival secretion and staining it by Gram's method. The organisms are 
very fine*, small and Gram-negative. 

2. ('altarid :—The bacilli cannot be- grown in ordinary agar. Cultiva¬ 
tion on blood agar is absolutely necessary. Colonies resemble those of 
H. influenza*. 

HAEMOPHILUS LACUNATUS 

(Mora .Y-.1 xenfcld bacillus.) 

The organism was first described by Morax in i8c>6 and Axenfeld in 1897. 

Morphology :—It is a short, thick bacillus, about 2 fi in length and 
occurs in pairs (diplo-bacillus), but also singly or in short chains. The 
organisms are usually found free in the secretions and only occasionally 
inside the leucocytes and epithelial cells. -The organism is non-motile, non¬ 
sporting and non-capsulated. 
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Staining: —It is readily stained with ordinary aniline dyes and is Oram¬ 
negative. 

Cultivation: —As the organism cannot be cultivated in ordinary media, 
such as agar, gelatin or broth, the addition of blood or serum or any other 
native animal protein is necessary for its cultivation. When cultivated on 
LoefHer’s serum medium, the colonies appear as small indentations (“pits” 
or “lacuna;"), indicating liquefaction of the* medium. The specific name, 
“H. lacunatus," was given to the bacilli from this characteristic growth. 

Animal inoculation: —The organism is non-pathogenic to animals, 
but in man a tvpical conjunctivitis may follow when inoculated into the con¬ 
junctiva. 

Pathogenicity: —The organism produces a catarrhal inflammation of 
the conjunctiva, specially noticeable in the angles of the* eyes and most 
severe at or about the caruncle (angular conjunctivitis) . It usually attacks 
both the eyes and runs a subacute or chrome' course*. 

Diagnosis: —This is usually settled by demonstrating the characteristic 
organism in the conjunctival discharge by micre>seopieal and cultural 
examinations. 


OTHER CLOSELY ALLIED ORGANISMS 

These? are characterised by their ready growth on ordinary emit lire media 
and consist of the following: — 

1. Diplobacillus liqucfticicns: —The organism was met with in 
certain forms of conjunctivitis. 

2. Bacillus duplex non^liquefacicns: —The organism was found in 
corneal ulcers and sometimes in tlu* sputum of acute and chronic 
bronchitis. 

3. Zur Nedden’s bacillus: —This was isolated from scxeie corneal 
ulcers with hype>pyon. 

HEMOPHILUS DUCREYII 

(Ducrcy's bacillus of soft chancre.) 

Ducrey, in 1889, described the presence of tins micro-organism in the 
discharges from soft chancre. He was also successful in transferring the 
disease by inoculation methods. 

Morphology: —It is a small bacillus, appearing singly, in pairs, in 
small groups or rarely in short chains (strcptobacillus). It is non-motile, 
does not possess flagella and does not form spore's. Involution forms may ' 
occur. 

Staining reactions: It is stained with ordinary aniline* elves anel 
frequently shows polar staining. It is Gram-negative. 

Cultivation: It cannot be grown in ordinary media and requires a 
medium containing blood. It is very difficult to obtain primary cultures 
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from the lesion or from the secondary bubo. The best way to accomplish 
this is to inoculate the infective material into tubes containing clotted rabbit’s 
blood which has been heated to 55°C. (vide infra). Subcultures may then 
be made on blood agar plates and after 48 hours’ incubation, discrete, small, 
transparent and grey colonies appear, surrounded by a slight zone of 
luemolysis. 

Pathogenicity :—It has not been transmitted to animals but can be. 
experimentally inoculated into man. 

The infection is conveyed from one individual to another by direct 
contact. The organism produces an acute inflammatory reaction, usually 
upon genitals or in the surrounding skin. After a short incubation period 
of 24 hours, the lesion appears as a small pustule which rapidly ruptures, 
leaving irregular ulcers with undermined edges and necrotic floor. These 
ulcers are usualy multiple. Sometimes, owing to secondary infection, the 
ulcer assumes a destructive, phagedenic and rapidly spreading character. 
Usually, the infection spreads to the neighbouring lymph nodes, giving rise 
to abscess formation, commonly spoken of as the “bubo.” Thus, soft 
clonic re or chancroid is a venereal affection. 

Therapeutic considerations: —A specific vaccine has been prepared 
and its use is claimed to have a curative effect on the lesions. 

An antiserum has also been obtained by inoculating rams intravenously 
with dead and living cultures of Ducrev’s bacillus. Two or three intra¬ 
muscular injections of 10 c.e. each, given every fourth day, produce a 
marked beneficial effect upon chancres and buboes, resulting in their rapid 
healing. 


Laboratory diagnosis 

1. Microscopical: —Examination of a stained smear may help to a 
great extent if the characteristic chains of small Gram-negative bacilli are 
found. 


2. Cultural: —Teague and Deihert (1920) have elaborated a simple 
technique for direct diagnostic cultivation. The method is as follows: Into 
a series of small test tubes is distributed sterile rabbit’s blood, in amounts of 
1 to 2 c.c. The blood is allowed to clot at the room temperature and is then 
heated to 55°C. for 5 minutes to destroy the bactericidal substances. The 
material from the chancroidal sore or bubo is inoculated into the serum 
around the clot. After 24 hours’ incubation, smears are made from the 
serum and stained by Gram’s method. If the characteristic chains of small 
Gram-negative bacilli be found, it indicates a positive diagnosis for Ducrey’s 
bacillus. It has been mentioned that qo per cent, of true chancroids can be 
diagnosed by this culture method. 

3. Cuti reaction: —A specific cutaneous reaction is obtained 48 hours 
after the injection of 1 c.c. of a bacillary emulsion (using a control at the 
same time) which may be regarded as diagnostic of the disease. 
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THE COMMON COLD 

Definition :—The term, “common cold,” although difficult to define 
accurately, usually comprises a group of transient symptoms with mild 
febrile reactions and is characterised by varying grades of catarrhal inflam¬ 
mation of the upper respiratory tracts. The main symptoms may be sum¬ 
marised as follows: — 

There is usually a history of exposure to cold or to unhygienic, confined 
and over-crowded environments, such as opera and cinema houses. This 
is followed by headache, malaise and fever, varying from oo c T\ to ioj c T\, 
accompanied by pains and aches in the body. Constipation, scanty high 
coloured urine, loss of appetite and insomnia are often very marked. The 
patient invariably suffers from troublesome sneezing, coughing, hawking 
and a feeling of choking sensation in the nose, with irritation and profuse 
watery discharge from it. There may be some redness of the eyes with 
probably mild conjunctivitis. Some degree of sore throat, with or without 
huskiness of voice, may be present and in children, there may be an acute 
earache. 

In an uncomplicated case, the symptoms last for 2 to 3 days, after 
which the patient begins to feel better. I he irritation ol the nose with 
watery discharge is replaced by a profuse, thick, vellowish, mueo-purulent 
material and there may be some cough with expectoration of similar matter 
from the throat. 

Etiology :—Common cold is known to be due to a catarrhal inflamma¬ 
tion of the mucous membrane of the nose and nasopharvnx caused by 
bacterial infection. The micro-organisms which are usually associated with 
such a condition are Diplococcus pneumonia*, Streptococcus Incmolvticus, 
Streptococcus viridans, Jlcvtnophilus influenza’, X eisseriti cuturrhalis, 
Staphylococcus pyogenes aureus , and rarely Corynehncteriutn diphtheria' and 
Neiss e ria m e n i ngi t id is . 

It has also been thought to be due to a fdterahle virus which acts as the 
primary agent in starting the inflammation and the above micro-organisms 
arc then superimposed only as secondary invaders. 

Pathogenesis of common cold: —The mucous membrane of the upper 
air passages and particularly of the nose, possesses certain peculiarities of 
its own. It consists of a very highly vascular structure with a submucosa 
equally rich in vessels and lymphatics, the whole being under tlu* control of a 
very sensitive nervous mechanism. Its vascularity is easily altered by reflex 
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nervous stimuli derived from distant parts of the body and also from various 
external and physical influences. For instance, a variable temperature, high 
degree of humidity, wet cold ground, breeze saturated with cold rain and 
foggy weather, always lead to the alteration in the mucous membrane of this 
place, making it more prone to a catarrhal inflammation. It has been 
definitely found that when a person lives inside a badly ventilated room, 
containing warm and stagnant air, the mucous membrane of his nose gets 
swollen, hyperccmic and covered with a thick secretion. On the other hand, 
if the ventilation is good and the air is cool, the mucosa remains pale, con¬ 
tracted and dry. 

An occupant, on passing out of an ill-ventilated room to the open-air, 
subjects his nasal mucous membrane to a good deal of sudden vascular altera¬ 
tion which acts as a gnat strain. This accentuates the liability to catarrh. 
Another important factor which often works in common cold is that in a 
congested, badly ventilated room, the head remains warm but the feet are 
cold, owing to the floor level being cooler than the head level. This also 
reflexly leads to much congestion and swelling of the nasal mucosa. This 
sensitiveness of the mucous membrane of the nose varies verv widelv in indivi¬ 
dual subjects, some persons being highly susceptible, due to a congenital 
condition. Hereditx plax.s some part as this susceptibility is often found to 
run in families. Certain constitutional diseases may also predispose to this 
condition and this is specially the case with rickets. 

It should always be remembered that common cold, whatever may be 
tlu- predisposing factor, is due to an infection. The latter is usually obtained 
from another infected individual, either during coughing, sneezing and 
similar acts or through fomites. C rowded, ill-ventilated rooms, such as 
cinema and opera houses, theatres, meeting places, etc., are particularly 
dangerous, not only tor inducing a pathological alteration of the nasal 
mucous membrane but also for their bacteria-laden atmosphere and the 
consequent risk of infection. The actual development of the catarrh 
depends on two factors, (i) the number and virulence of the micro-organisms 
which attack the 1 mucous membrane and (ii) the* local as well as the general 
resistance of the individual. A heavy dose of infection may be received either 
by a direct hit from a coughing bout or by staying too long in air heavilv 
laden with the offending germs. 

Many of the bacteria mentioned above may normally inhabit the mouth, 
nose and throat without showing any evidence of disease. 'This may be due 
either to a lowered virulence of the* organisms or to sufficient local and 
general immunity of the host. But whenever this equilibrium is lost and 
there* is a loss of resistance and lowering of vitality by exhaustion, overwork, 
exposure*, intoxications, such as heavy drinking and smoking, convalescence 
from other illnesses, and gastro-intestinal derangements, the bacteria are able 
to penetrate the mucous membrane and produce tlu*ir pathogenic effects. In 

a mild case, a temporary invasion of the miv and submucous tissues 

occurs, with its accompanying reactions, gi>. Ue to the symptoms of 

"Common cold," “Coryza" or "Clinical in]*" 
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If, however, the infection is virulent and the resistance of the individual 
is insufficient, the invasion may not remain limited to the subnnicosa hut may 
extend to the blood stream, producing- a preliminary septicaemia with 
secondary localisation in the lung-s and meninges, causing lobar pneumonia, 
broncho-pneumonia and meningitis respectively. In some rases, owing to an 
abnormally high grade of virulence of the invading organisms and very low 
vitalitv of the patient, the mucosal reactions may be slight and even 
negligible but the blood-infection and secondary complications become pro¬ 
minent from the very beginning. The authors have seen cases which com¬ 
plained of trilling malaise and slig r ht fever, developing into fulminant 
meningococcal septicaemia and dying within 24 hours. 

Relationship of common cold to the spread of epidemic 
diseases: —“Common cold” is a very important factor in the outbreak and 
spread of many epidemic diseases. The act of sneezing and coughing and 
the expectoration of individuals suffering from “cold,” result in tin* pro¬ 
miscuous scattering of the infecting bacteria, as well as main other serious 
bacterial agents, such as A\ meningitidis, ('. diphtheria *, 1 >. pneumonia *, etc., 
for which these patients may have been acting as carriers. Thus, thev 
not only spread the virus that has given them the “colds” but also scatter the 
above-mentioned virulent micro-organisms responsible for serious epidemic 
diseases. 

Some important places from which the infection may spread are badlv 
ventilated schools, asylums, hospitals, military camps, ships and other 
vessels on the stream, factories, cinemas and theatres and crowded meetings. 
In fact, any place where large numbers of men are assembled in a small 
compass. 

Some facts about treatment :— “Prevention is better than cure “ 
should be the maxim. This can be achieved by the following : — 

(1) Educating the public by popular lectures and demonstrations. 

(2) Avoiding intimate contact, such as kissing, sleeping in the same 
bed, sneezing and coughing. Care should be taken of all 
iomites, including used handkerchiefs. 

(3) Infected children should not attend school, not should sin h 
teachers undertake their teaching work. 

(4) Disinfection of the nose, throat and all fomites. 

Everybody should remember the beneficial effects of open air, sunshine 
and a cool dry atmosphere. Warm feet and a cool head are always ideal. 
When taking a warm bath, one should always wash his head with cold water. 
Exposure to cold humid atmosphere, specially after a drinking bout, should 
be prohibited. Exercise in the open air always keeps the circulation active 
and the body fit. Schools and institutions should be built in such a way 
that a thorough ventilation may be assured. Segregation of the infected 
persons is very essential. To maintain the body resistance at its maximum 
level, rest in bed and freedom from worry should be insisted upon. 
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The question of prophylactic inoculation naturally presents itself. 
There is much authoritative opinion that a vaccine composed of the usual 
catarrh producing organisms does confer some protective power. In the 
case of a person who suffers from cold once or twice a year but remains quite 
well (luring the intervening period, four to six fairly large doses of a mixed 
catarrhal vaccine given before the expected time of the attack may prevent 


the onset of the 


in the next season. The vaccine should contain various 


strains of I). piit'iinumc, Streptococcus, Staphylococcus, H. wfluenscc, 
X. catarrhalis and Klrhsiclla piiciiinoiiue (Friedlandcr's pneumo-bacillus). 
1’sually, stock vaccines from the market are used and i r.c. should contain 


1,000 millions of each organism. A dose of 0*2, 0 4, o'K and 1 e.e. may be 
injected at weekly intervals successively. 


In the case of a person who suffers from repeated “colds” and is 
presumably a carrier, the “colds” being exacerbations of a latent infection, 
an autogenous vaccine is always preferable. The (loses should be small and 
gradually increased. A high degree of temporary immunitv mav be obtained, 
although the infection may persist. 


Although the prophylactic vaccination protects the individual for short 
periods, it certainly gives some relict. The attacks are lessened in intensity 
and the onset ol the serious complications, such as suppuration in the 
sinuses, extension to the lungs and blood stream, is prevented. 
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PASTEURELLA 

Under this group arc included all the closely allied bacilli causing 
“haemorrhagic septictemia” in various animals as well as in man. \ hough 
the individual bacilli differ in their cultural and other minor characters, they 
possess common species characteristics which bring them into one group. 
They are as follows: — 

(i) Short and thick bacilli. 

(ii) Non-motilc. 

(Hi) Polar staining. 

(iv) DecoJorisalion by Gram's method of staining (Gram-negative), 

(v) Inability to liquefy gelatin. 

(vi) Marked pathogenicity for animals. 

Classification:— 

"A. Pathogenic for man and atiimals. 

1. Pasteurella pestis (B. pest is)—Producing plague in man and 

septicaemia in animals, particularly in rodents. 

2. Pasteurella tularensis (B. tularensis)—Producing plague-like 

disease in animals and typhoid-like condition in man. 

B. Pathogenic for animals only. 

3. Pasteurella pseudotuberculosis (B. pscudotubcrculnsis rodentium) 

—Formation of tubercle-like nodules in rodents. 

4. Pasteurella septica (Trevisan)—This includes a variety of 

organisms producing haemorrhagic septiea*mia (Pasteurelloses) 
in various animals. A specific name has been given to each 
strain, corresponding to the animal from which it is derived. 

From fowls— Past. aviseptica (Bacillus of chicken cholera 1. 

From pigs— Past, suiseptica (Bacillus of swine plague). 

I*ioin cattle Past, hoviseptieu (Bacillus of hicmorrhagic ^eptk;i*mia in 
cattle). 

l-rom r.-ihhits— Pasl. lepisi-ptica (Bacillus of r;il>l>it septic,Ttnia). 

From sheep Past, avis, -plica (Bacillus of Iwmorrh.-iBic septic.-emi.i in 
sheep). 



STAINING REACTIONS OE PAST. PESTIS 


5 °« 


PASTEURELLA PESTIS 

(Bacillus pestis) 

The organism of Oriental plague. 

HISTORICAL:— I Ik* plague bacillus was isolated by Kitasato and Yersin 
(1894) from human patients during an epidemic of plague at Hong-kong. 

MORPHOLOGY:- 

Size and shape: —The organism is a short, thick, oval bacillus with 
rounded ends (coceo-bacillary form), measuring about 1*5 fx by 0*7 p. 

Arrangement: —It usually occurs singly or sometimes in pairs; chain 
formation (strcpto-bacillary form) is found in fluid (broth) culture only 

(--45 )• 

Involution forms i Pleomorphism ):—This is the most noticeable feature 
of the organism and is particularly seen in old cultures and old lesions. The 
organisms become markedly swollen, stain faintly and assume globular, pear- 
shaped, elongated or irregular forms—more resembling a culture of yeast 
than of bacteria (Fig. 246). In young cultures, formation of involution forms 
can be hastened by growing the organism in “salt-agar” (nutrient agar to 
which 3 to 5 per cent, of sodium chloride has been added). 



Fig. 24G, 

A smear from a broth cult lire of Vast, 
pest in, showing the arrangement of 
organisms in chains. 
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Fig. 246. 

Pastenrella pestis. 

A—Normal forms; B—Involution forms. 


Capsules: —Howland (1914) has confirmed that the plague bacillus 
possesses a well-defined capsule which contributes to the sliminess of its 
culture on solid media. The presence oi a capsule, however, is very incon¬ 
stant. 


The organism is non-motile and non-sporing. 

STAINING REACTIONS: —The organism is stained readily with the 
ordinary aniline dyes. Dilute carbol-luchsin and methylene blue arc most 
frequently employed. With these stains, the b:.is shows the characteristic 
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polar staining, i.e., central part of the bacillus is unstained or but faintly 
stained while the ends take the stain deeply. This is an important feature in 
its identification. When stained by Gram's method, it is Gram-negative. 
When stained with Irishman's, Gietnsa's or Vnna pappenhiem’s stain, the 
bipolar staining is very nicely demonstrated. 

CULTURAL CHARACTERS: —Although it is an aerobe, it grows best 
under anaerobic conditions or under reduced oxygen tension. Unlike other 
pathogenic micro-organisms, the optimum temperature for its cultivation is 
about 3o°C. instead of 37°C.; but growth occurs quite .satisfactorily at body 
temperature. The most favourable reaction of the culture media is neutrality 
or weak alkalinity, though slight acidity does not prevent growth. It grows 
readily in any of the ordinary media but the addition of o r per cent, blood, 
10 per cent, serum or 0 05 per cent, sodium sulphite to nutrient agar produces 
a luxuriant surface growth under ordinary aerobic conditions. 



Fig. 247. 

Stalactite” growth of Past . pest is in ghee* broth. 


On agar , the colonies 
are small, semi-transparent 
and glistening; the growth 
is sticky and tenacious. 

In broth , the organisms 
grow slowly. They sink to 
the bottom or adhere to the 
walls of the tube where they 
form fioccular or granular 
deposits, leaving the upper 
part clear. If oil or melted 
butter is floated on the 
broth, the organisms grow 
downwards from the lower 
surface of the supernatant 
oily layer in the form of 
long delicate filaments com¬ 
posed of masses of bacilli (in 
about a week). This is what 
is known as the " stalactite" 
growl!) ( Fig. 2.47 ) n| 
Hatikine and to secure this, 
care should be taken to 
incubate the flask in a place 
where shaking or vibration 
can be prevented, as the 
slightest movement is suffi¬ 
cient to detach the threads 
which are very ,'ragile. 


Note: Past, pscudotuberculosis rodentium also gives such 

growths. 


“stalactite" 
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On MacConketfs medium :—The presence of bile salts does not inhibit 
the growth of Past, pestis. 

BIOCHEMICAL REACTIONS:— 

Fermentation reactions: —■Glucose, lavulose, maltose and mannite are 
fermented with the production of acid without gas. Lactose, saccharose 
and dulcitc are not fermented. 

Litmus milk —No change. 

Peptone water —No indol is produced. 

(ietafin —No liquefaction. 

} 1 (cmolysis —Past, pestis is non-haemolvtic. 

Methyl red test —Positive. 

Autolysis: —This takes place particularly in fluid culture. It is not 
marked towards the beginning of a growth but occurs only in old cultures. 

VIABILITY:— Tlu organisms are not very hardy nor are they well adapt¬ 
ed for a saprophytic existence in nature. They are readilv destroyed by 
heat, desiccation and antiseptics. They withstand, however, a considerable 
degree of cold, surviving a temperature of o°C. for 40 to 100 days. Direct 
sunlight destroys them in 4 to 5 hours. Drying by artificial means kills 
them rapidly. Heat, either dry or moist, is very injurious to them. A 
broth ( tilture, when heated to 55°(\ for 15 minutes, is completely sterilised. 

Tlie organisms have poor resistance to the action of antiseptics. For 
instance, a 5 per cent, phenol or 1 in 1,000 HgCL kills them in 10 minutes. 

Another very important point in this connection is that the growth of 
the organism in living tissues is rapidly inhibited by those of other pyo¬ 
genic bacteria. Post mortem, the bacilli arc completely overgrown by the 
usual putrefactive micro-organisms and killed within 3 to 4 days. 

In culture, the bacilli can retain their viability for months, if kept in a 
cool dark place with sufficient moisture in the medium. 

VIRULENCE: —Normally, plague bacilli are highly virulent to experi¬ 
mental animals. Their virulence may be intensified by passage through 
susceptible animals and attenuated by repeated subcultures in artificial media 
and by other artificial methods. In nature, the virulence of the organism 
diminishes with the decrease of an epidemic as shown by the fall in the case- 
mortality. In artificial culture, they usually retain their virulence for months 
and years, specially if some native protein is added to the medium and 
provided the latter contains plenty of moisture and is kept in a cool dark 
place. 

TOXINS: —No tru.e exotoxins but endotoxins only are present. These arc 
liberated after disintegration of the bacilli. The toxins elaborated by Past, 
pestis damage the vascular endothelium, causing haemorrhages in the skin, 
mucous and serous surfaces and various internal organs. It is also an intense 
tissue poison, producing cloudy swelling and fatty change in various organs. 
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SEROLOGICAL REACTIONS:— Agglutinins and other antibodies are 
developed in the serum of inoculated animals and infected persons. All the 
strains are agglutinated by the specific serum but such a reaction cannot be 
utilised for the identification of the organism because of its auto-agglutinating 
property. Immune sera have been prepared by injection into horses and this 
can be used for therapeutic purposes. 

ANIMAL INOCULATION:— Laboratory animals, particularly guinea- 
pigs and white rats, are very susceptible. Subcutaneous inoculation, even of 
a small dose, results in the production of a local lesion, characterised by con¬ 
gestion, oedema and necrosis. Enlargement of the proximal lymph nodes and 
signs of a general septicaemia develop, producing intense congestion of all the 
internal organs. On post mortem examination, the spleen is found to be 
enlarged and often studded with greyish white nodules, resembling miliary 
tuberculosis. This gives a stippled appearance, as if “dusted over with pep¬ 
per.” Greyish white necrotic areas surrounded by a zone of intense conges¬ 
tion may also be seen in the liver and lungs (Fig. 24S). Large numbers ol 
bacilli are found in smears from all these lesions. 

Other methods of inoculation :— 

(i) Smearing the conjunctival or the nasal mucous membrane with a 
culture of the organisms results in infection. In this case, a 
cervical bubo results, followed by the usual picture ol 
septicaemia and death. 

(ii) Rubbing the freshly shaved skin of the abdomen with a culture— 
The ability of Past, pest is to pass through the intact shaven 
skin has been regarded as very characteristic. It appears that 
the organisms gain entrance into the body through minute 
abrasions which are produced in the process of shaving. 

PATHOGENICITY 

IN ANIMAL: —Many animals are liable to contract plague under natural 
conditions and the disease is characterised by the enlargement of the Empha¬ 
tic glands and spleen and rapid death from septicaemia. The disease occurs 
in an epizootic form amongst rats and various rodents which plav an 
important role in the spread of the disease. Post mortem, the characteristic 
changes are: — 

(1) Dark red, subcutaneous injection of the abdominal wall. 

(-’) Swelling of the neck-glands with (edematous, hiemnrrhagio infiltra¬ 
tion of the surrounding tissues. (The flea prefers to inhabit 
the skin of the neck). 

(3) Changes in the spleen, liver and lungs are exactly similar to those 
mentioned under experimental inoculation. 

A chronic iorm of lesion is sometimes produced, particularK towards the 
end of an epidemic, in which many encapsulated thick-walled abscesses, con¬ 
taining the bacilli, are found in the areas corresponding to the sites of the 
primary buboes and also in the spleen and liver, without seriously affecting 
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Fig. 248. 

I'ost mortem appearances of a guinea-pig injected subcutaneously ' 

"ith Iasi, fust is. All tin* oi gratis arc intensely congested. The 
splt'(*n i> enlarged and "tudded with greyish white nodules. Liver 
and lungs show areas of necrosis surrounded by a wide zone of 

congestion. 

the* health of the animal. Although under such conditions, the disease is 
latent, the organisms are potentially virulent to other animals. It has been 
suggested by some authorities that this may be a factor in keeping up the 
disease, but there is no definite evidence in favour of such a hvpothesis. 

I he infection in the rat takes place usually by the bite of an infected flea. 

IN MAN: —The disease is endemic in parts of Asia; it periodically becomes 
epidemic and occasionally pandemic. Human plague may assume one of the 
three clinical types: (a) Bubonic, (b) Pneumoni. ^*d (c) Septicaemia. 
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Bubonic plague: —This forms bv far the commonest type of cases in 
India. The organism enters the body through the skin by the bite of an 
infected flea, where it may form a localised lesion, producing a primary 
vesicle. The adjacent lymph nodes, depending on the seat of the priman 
infection, are enlarged and these are called “primary buboes.” The 
commonest glands involved are the groin glands but axillary and cervical 
glands may also be the sites of primary buboes. Usually, one group of 
glands is affected first, constituting the primary bubo and later on, other 
groups become enlarged. Along with this glandular enlargement, there is 
marked pyrexia and great prostration. An intense septicaemia results 
before death. 

Pathology :—The swollen lymph nodes are intensely inflamed and show 
widespread necrosis and haemorrhages. The surrounding connective tissues 
are also involved and are (edematous and luemorrhagic. The primary bubo 
is thus composed of a group of enlarged glands fused together and embedded 
in a mass of oedematous and luemorrhagic connective tissue. In the secondary 
buboes, the periglandular inflammation is absent and the luemorrhagic charac¬ 
ter is not so marked. In the early stages, the plague bacilli are found in 
large numbers in a film preparation made from the gland pulp. Hut with 
the degenerative changes in the glands, the number of the bacilli diminishes 
and involution forms appear. 

The spleen is enlarged and shows many areas of luemorrhagic necrosis. 
A smear from the splenic pulp will show a large number of bacilli. 

Secondary lesions, in the form of luemorrhages and necrosis, are found 
in the lungs, liver and other internal organs. Liver and kidneys show a 
marked cloudy swelling and fatty change. Heart muscle is severely a fleeted, 
showing fatty degeneration. 

Petechial haemorrhages are found on all the serous surfaces, particularlv 
the pericardium and pleura. 

Pneumonic plague: —This is a very serious condition and is invariable 
fatal. 1 here develops an acute broncho-pneumonia of a luemorrhagic tvpc. 

I he expectoration consists of blood-tinged mucus which soon becomes bright 
red. It contains large numbers of bacilli. 1 his tvpc is higliK infectious a** 
the infecting organisms are conveyed from the diseased person to healthy 
contacts directly through droplets of sputum which the patient sprays out 
during cough. 

Pathology :—After inhaling the infective particles, the bacilli are deposit¬ 
ed on the mucous membrane o r the upper respiratory trad and the bronchi. 

I he organisms start an intense inflammation of the wall of the tubes through 
which they penetrate and affect the contiguous lung tissue. Thcv also pass 
downwards to reach the capillary tubes where a similar type of inflammation 
is produced and from which the corresponding lung area is involved. Thus 
the earlier lesions are broncho-pneumonic (Fig. 2_pj) but as the disease 
advances, several such areas may coalesce forming big areas of consolida¬ 
tion. The picture may then resemble the lesions of lobar pneumonia. As 
the toxins act severely on the capillary endothelium, there are extensive 
haemorrhages with comparatively few leucocytes in the alveoli. Unlike 
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lobar pneumonia, there is little or 
no fibrin but marked (edema. 
There may be much enlargement 
of the bronchial glands. 

The organism multiplies in the 
lesions with enormous rapidity 
and the sputum resembles a pure 
culture of the bacilli. The latter 
rapidly pass into the general 
blood stream causing a sep¬ 
ticaemia. 

Septicemic plague :—Pr i m- 

ar\ septiaemie cases are very 
rare. Both the bubonic and the 
pneumonic forms rapidly become 
septiciemii. The organisms mul¬ 
tiply in the blood stream with such 
an astounding rapidity that in 
many cases, particularly before 
death, they may be demonstrated 
in the peripheral blood while doing a differential count of leucocytes. Accord¬ 
ing to the Plague Research Commission (iooh and iqo8), 1,000,000 bacilli 
per c.c. were often found in a patient's blood 20 hours before death and 
10,000 organisms per c.c. were not uncommon findings. 

TRANSMISSION OF PLAGUE 

Plague is primarily a disease of the rats and other rodents, such as 
ground squirrels in California and tarabagan, a species of ground moles in 
Manchuria, and man is onlv secondarily infected. An epizootic in those 
animals is followed b\ a plague epidemic in human beings. The infection, 
in butumie plague, is spread by ileas, and it is through their agency that 
the disease is transmitted from rat to rat and from rat to man. In pneumonic 
eases, however, the transference is direct by droplets of sputum. 

Relation of Plague to rats and fleas 

Rats: —In India, the reservoir of the Past, pest is is the large grey sewer 
rat, the Rattus (Mils) norvegicus or deetimanus (Fig. 250). An epizootic of 
plague first occurs in these rats from which the disease is transferred to the 
smaller black house rat, Rattus (Mus) rattus (Fig. 251). The parasitic 
insects, fleas, act as intermediaries in the transmission of the disease from 
one animal to another and also to man. After the death of the animal, when 
the body temperature falls, the fleas begin to desert it and are in search 
of a suitable victim, in the absence of which they bite men, usually in the leg 
or foot. Sweepers who are in the habit of pic!/ g up dead rats (which may 

remain still warm) are bitten in their hands a.»**. Dead rats which are 

cold are less dangerous to handle as the fleas /ready left them. It has 

been observed at the HalYkine Institute, !>• that by recording and 
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Fig. 250. 

Battus norvegicus. 

This is the brown sewer rat. Note the small ears and stout tail which is never 
longer than the combined length of head anti body. 




Fig. 251. 

Jlathis ratlus . 

This is the black house rat. It is small in size, weighing about half that of 
R. norvegicus. Note the large ears and thin tail which is longer than the combined 

length of head and body. 


constructing graphs of the infection in rats, an extension to human beings 
can be foretold. Human epidemic usually follows 2 to 3 weeks alter an 
epizootic in rats. 


Fleas (Fig. 252):—These are laterally flattened w ingless creatures, about 
2 to 3 m.m. long. They are blood sucking insects and are numerous and 
active during winter months and this doubtless accounts for the seasonal 
prevalence of bubonic plague. I emperature favourable to the multiplication 
and activity of the flea ranges from 21 0 to 25°C. Higher temperatures and a 
dry atmosphere kill the flea vector and therefore reduce the incidence of the 
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disease during- the hot wea¬ 
ther in India. Leaping- ability 
of the adult flea is 3 to 5 
inches, never exceeding 6 
inches, and it can hop 30 yds. 
on legs. The fleas concerned 
in the transmission of plague 
are the following: — 

1. X enopsylla cheopis, the 
Indian rat flea. This has 
been found by the Plague 
Commission to be the 
principal vector of plague 
in India. 



('cratoph yll u s f a sci at us, 
the common rat flea of 
Europe and North 
America. 


Fig. 252. 

A enopsylla cheopis. 

The* common Indian rat flea which is an important 
transmitting agent of Oriental plague. The 
natural size of the flea is shown in the inset. 


3. Pulex irritans (human flea)—It may transmit Past, pestis under experi¬ 
mental conditions but plays little or no part in the natural spread of 
the disease. 


Mode of infection (Fig. 253):—The fleas act as passive, intermediate 
carriers of the bacilli. They also serve as multipliers of the germs. When 
a flea bites an infected rat, it sucks some blood into its oesophagus and pro¬ 
vent riculus. The bacilli remain alive and multiply to such an extent as to 
occlude the alimentary canal at the entrance to the stomach. Fleas in this 
condition arc able to suck blood by the pumping action of the pharynx. 
When next it bites a human being, it regurgitates and cleans the proventri- 
culus before it can obtain blood and in this way the bacilli are injected into 
the wound produced in the hosts by the bites of the flea. The bacilli are also 
present in the flea's excreta, and by scratching the site of the bite on which 
the insect has defalcated, the bacilli may be forced into the wound and enter 
the body. But this mode of infection is not the common one. 

Bacilli may retain their virulence in the alimentary canal of a flea for 
3 to 4 weeks and hence, the latter remains infective for a long period. It 
has been found by the Indian Plague Research Commission that the infec- 
tivitv of a rat flea fed on a plague infected rat is maximum during the first 
5 days after which it gradually diminishes but may last as long as tw r o to 
three weeks. 

Fleas do not play any part in the dissemination of Pneumonic plague. 

The infection seems to be acquired throug 1 . respiratory tracts from man 

to man. 
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Fig. 253. 

Mode of infection of Oriental {day up. 

1— Rattus norvegicus (large, brown, sewer rat>, tile fird 'ietmi 

2 — Rattus rattus (small, black, domestic rat), the second victim 

U—Xenopsyllu elieopN, the intermediary agent in the transmission of 
rat to rut and rat to man. 

4 -The infected rat flea biting the leg of a human being. 

r»—A case of bubonic plague, showing inguinal bubo. In the in 
film preparation of the material from gland puncture. ' 
staining bacilli, lymphocytes and a few red blood corpuscles. 

THERAPEUTIC CONSIDERATIONS 

Serum: —Vorsin mill Luslig have advocated that intravenous administra¬ 
tion of anti-plague scrum, in doses of iooc.c. during the fu >t two da\s, olVers 
very promising results. Recent studies ha\e shown that serum prepared from 
calves and sheep are much more potent than that obtained from horses. 

Vaccines: —These are mostly used for prophylactic purposes and confer 
an immunity which lasts for 6 to 12 months or more. The vaccine is pre¬ 
pared by cultivating the organism by Hall'kine’s method, i. e., by favouring 
stalactite growth. This is shaken every few days and after this, the whole 
flask is incubated at 25°t\ for 6 weeks. It is finally sterilised bv heating to 
65°C. for one hour and phenol 0*5 per cent, is added for preservation. The 
dose varies from o'5 to 4 c.e. 

Note :—It fias been shown recently that Past, pest is contains two different 
antigens, one heat-stable somatic antigen and the other capsular antigen 
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which is heat-labile at ioo°C. and is well developed when the culture is made 
at 37°C. Immunising value of a vaccine is high when it contains this capsu¬ 
lar antigen. 

Prophylaxis: —This consists of the following: — 

1. Compulsory notification. 

2. Isolation of the sick. 

3. Quarantine. 

4. Preventive inoculation. 

5. Destruction of fleas by the use of pulicides, such as kerosene oil, 

naphthalene, etc. 

6. Rat elimination by building rat proof houses. 

7. Rat destruction by fumigation with hydrocyanic acid gas, sulphur 

dioxide, etc. 

S. Wearing face masks when attending cases of pneumonic plague 
and gloves for handling bubonic oases. 

(). K vacant ion of houses and infected villages during an epidemic. 

LABORATORY DIAGNOSIS 

'The diagnosis of plague rests mainly on the demonstration of the causa- 
tivc organism. 

Material collected for a bacteriological examination will vary accord¬ 
ing to the type of the disease. Thus in bubonic plague, the material is taken 
from gland puncture, in pneumonic plague from sputum and in septicaemic 
plague from blood. The materials are then subjected to the following 
examinations. 

(i) Microscopical: —A smear 
is made and stained by Gram’s 
method and with methylene 
blue. Leishman’s stain may 
also be used as it gives good 
results. Morphological charac¬ 
ters are then investigated and 
the presence of shoi 
bacilli, often in pairs, 
bipolar staining (Fig. 254) and 
Gram-negative character, is 
highly suggestive. It should be 
noted that a little before death, 
Past, pestis may be detected in 
peripheral blood by direct smear 
examination in about 17 per 
rent. of the cases. 

.0 Cultural: —Cultures are 
4,1 on agar, incubated at 
io 27°C. and not at 37°C. 


: pkimp 
showing 



Fig. 254. 

A smear examination from plant! pnneturi 
showiup Pasteurellu pestis with bipolar stainin 
a few red blood cells aiul lymphocytes. 
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From colonics on agar plates the organism may be isolated and its cultural 
characters are studied in broth, ghee-broth and salt agar. Stalactite growth 
in ghee-broth, chain formation in broth, involution forms in salt-agar are 
very suggestive. Blood culture is made in the usual way. 

(iii) Animal inoculation (Pathogenicity test):—Some of the exudate or tin* 
colonies isolated from agar may be inoculated subcutaneously into a white rut 
or guinea-pig to test the pathogenicity. In positive cases, the animals die in 
from 3 to 5 days, the organisms being present in large numbers in the lymph 
nodes, liver, spleen and blood. Cutaneous method, i.e., rubbing a little of the 
material on the shaved abdominal skin, may also be employed. 

To elicit the specific action of Past, pest is with the sputum of pneumonic 
plague, which may contain other virulent organisms, it is best to perforin 
the animal inoculation by applying the material to the nasal mucous membrane 
or to the shaved skin of the abdomen, instead of inoculating it subcutaneously. 

Note: —In order to establish the identity of the organisms, pathogenicity 
test should always be resorted to as it forms the most reliable one. 

Agglutination reaction:- -During the disease, the patient's serum 
acquires the property of agglutinating the bacilli to a tit re of 1 in 50 but this 
appears after the second week of the disease. The reaction is little used lor 
diagnosis of the disease as it develops so late and as there is a natural ten¬ 
dency of the bacilli to cohere in clumps (auto-agglutination). It is for the 
latter reason also that agglutination reaction cannot be relied on for the 
serological identity of the- organism. 

The other accessory aids in the diagnosis are a very high leucocytic 
blood count and the h.emorrhagie character of the sputum in eases of pneu¬ 
monic plague (prune-juice sputum). 

Pasteurella tularensis 

(Bacillus tularensis; Bacterium tularetise.) 

The organism causes a plague-like general infection among small, wild 
rodents (ground squirrels and jack rabbits) in Western States of America. 
McCoy and Chapin, in i<ji2, isolated the specific organism from the blood 
of infected animals. 

It is a small organism measuring 0*3 to 07 /x in length, ('oct al as well 
as bacillary forms are encountered. It is non-motile and sometimes eapsu- 
lated. 

With ordinary dyes, it is not easily stained unless a mordant, stall as 
carbolic acid or aniline, is added. Thus it can readily be stained with aniline 
gentian violet. It is Gram-negative. 

It cannot be grown in ordinary media. Cultures, however, can be 
obtained in the following media, such as Dorset’s egg media, blood agar and 
serum agar containing a piece of fresh sterile rabbit’s spleen and agar con¬ 
taining 0*02 per cent, cystine. The colonies are small and viscid. 
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In animals, particularly amongst small wild rodents, the disease is 
very fatal and closely resembles plague. The infection is transmitted from 
animal to animal by blood sucking insects. On autopsy, necrotic areas 
are found at the site of infection and also in the internal organs, such as 
liver, spleen, kidneys and lungs. Mice, guinea-pigs and rabbits can be 
in fee ted ex peri men t a 1 1 y. 

The disease is transmissible to man and may occur in the following 
ways: — 

(i) Dealers in rabbits from handling infected animals. 

(ii) Laboratory workers from handling cultures. In this respect, it 

resembles Malta fever. 

(iii) Field workers by the bite of blood sucking insects (deer fly and 
tick). 

In human beings, the disease is milder in nature and is rarely fatal. 
The infection causes an irregular fever of long duration (2 to 3 weeks), 
often resembling typhoid fever. Sometimes, there mav be a primary ulcer 
at the site of inoculation with involvement of the neighbouring lymph 
nodes. The disease in human beings is variously named. It is called 
“Tulanemia” in South California, because of its greatest incidence in the 
neighbourhood of Tulare lake. It is also called 4 ‘Ohara’s disease” in 
Japan and “deer fly fever” in Utah. 

Diagnosis of the disease consists of the following: — 

(i) Isolation of the causative organism —The material collected for the 

purpose is the exudate from glands or ulcers. The organism 
is rarely present in the human blood. The best method of isolation 
is to inoculate the material into a guinea-pig from which the 
organism can be obtained in pure culture. The animal dies 
within a week and, on autopsy, the spleen and liver are found 
to be studded with necrotic foci. A haemorrhagic necrosis is 
also noticed at the site of inoculation witii corresponding 
glandular enlargements. Smears from the spleen show the 
characteristic bacilli. 

(ii) Serum diagnosis —Specific agglutinins begin to develop in the serum 

of infected persons after the second week of the disease and the 
titre limit rises rapidly up to 1 in 1,200 or more. It is to be 
noted that the organism bears a serological relationship with the 
Brucella group, showing cross agglutination with Br. abortus 
(Bang). 

Pasteurella pseudotuberculosis (B. pseudotuberculosis rodentium):— 
This organism differs from Past, pestis in the following: — 

(1) Motility in 18 hours’ broth culture incubated at 20° to 22 °C. 

(2) Alkaline reaction in litmus milk. 

(3) A virulence for white rats. 
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Pasteurella septica: —This group of organisms differs from Past, 
pest is in the following: — 

(1) Fermentation of saccharose. 

(2) Formation of indol. 

(3) Production of a negative methyl red test. 

(4) Inability to grow in the presence of bile salts, such as on 

MacConkey’s medium. 

Table showing differences between Past, pestis, Past, pseudotuberculosis 

and Past, septica. 


Past. Past. Past, 

pestis. psemlotuhen'idosis. septica. 


Motility in 18 hours’ broth 

culture at 20 0 to 22 0 C. ... Non-motile Motile Non-motile. 

Litmus milk ... No change Alkaline No change 

Saccharose fermentation ... - + 

Indol formation ... - - + 

McthvI red test ... + 4 - 

Growth in bile-salt media 

(MacConkev) ... + 

Virulence for white rats ... + — 

- - negative. 


4 - positive; 
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VIBRIO 

Definition: —A vibrio is a short, curved, Gram-negative bacillus, 
arranged singly in the form of a comma or united at the ends, forming 
S—shaped curves or spirals. It possesses a single terminal flagellum and is 
very actively motile. A typical example is Vibrio comma (Vibrio cholera*) 
which is strictly a parasitic organism causing Asiatic cholera in man. 

't here are other vibrios which are widely distributed in nature, mostly 
as saprophytes, in water and sometimes in the faces of man and animals 
and occasionally, in butter and cheese. Only a few of them are pathogenic. 
Besides the Vibrio comma (V. cholera?), there is another variety, 
I', metchnikori, which produces a fatal intestinal disorder in domestic fowls 
with symptoms resembling those of cholera in man. In these animals, the 
vibrios invade the* blood and tissues and may be isolated from the heart’s 
blood of a diseased fowl. 

Examples:— 

A. Pathogenic to man and animals. 

1. Vibrio comma (V. cholera ')—The causative organism of Asiatic 

cholera. 

2. Vibrio metchnikovi —It causes a septica?mic disease in domestic 

fowls. 

3. Vibrio foetus —It causes infectious abortion in sheep and cattle. 

B. Potentially pathogenic. 

4. El Tor vibrio 1 

Cause choleraic s\mptoms. 

5. Paracholera vibrios ) 

C. r ommensals or saprophytes (Non-p ' _ nic to man). 

6 . Vibrio proteus (Finkler and Priu,' .!<>) —Isolated from cases 

of cholera nostras and water. 

7. Vibrio tyrogenus (Deneke’s vibrio nted from cheese. 

8. Vibrio phosphorescence —Isolated.iman fteces and water. 
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(T. cholerae) 

(Comma vibrio, Comma bacillus) 

This organism was first discovered by the famous Robert Koch, in 1884, 
while working in the Medical College Hospital in Calcutta. 

HABITAT: —It is strictly a parasitic organism, being found in the intestinal 
contents of cholera patients and carriers. 

MORPHOLOGY: —It is a bent or slightly curved bacillus, resembling 
very closely a comma from which it obtained its name, “Comma bacillus” 

(Fig. 255). It is about 2 /x in 
length. The organisms may be 
A \ arranged singly or two may be 

^ ^ “>•/ . united at their ends, producing an 

^ S-shaped curve. When more than 

^ / ** two are united, the form is that ol 

( ^ C ^ a spirillum. In stained prepara- 

** g ~ tions, they are arranged in parallel 

} rows, like fish-iu-st ream. This is 

^ ^ ^ £ sometimes verv characteristic. It 

^ ^ ^ j does not produce any spore nor does 

^ ^ it possess any capsule. It has one 

^ ^ terminal flagellum (monotrichate] 

^ V and possesses a very active darting 

+ * movement. In older cultures, there 

may be involution forms . 

A Fig 255. B STAINING REACTIONS:- 

Vibrio comma, showing: tlie comma shaped It is stained well with all aniline 

curve of tlie organism (A) and single ter- . . . e . • r. • 1 

miriai flagellum (B). Uyis and is Gram-negative. Special 

stains arc necessary for the 

demonstration of the flagellum (vide p. 31). In practical work, a diluted 

solution of Ziehl-Neelsen’s carbol-fuchsin (1 in to to 15) is a very ready and 

dependable staining reagent. 

CULTURAL CHARACTERS:— It is aerobic and grows well in ordinary 
media. In broth, there is luxuriant growth with uniform turbidity. On 
nutrient agar, the colonies are moist, colourless and almost transparent, with 
overlapping. 

In gelatin slab culture, there is a characteristic appearance. The growth 
is most luxuriant on the surface where there is liquefaction of the medium. 
In the deeper parts, there is a progressive diminution of the growth, as well 
as the liquefaction, producing the appearance of a funnel (Fig. 256). This 
is due to the fact that the organisms get less oxygen in the deeper parts than 
on the surface. 
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Fig. 255. 

Vibrio comma, showing: the comma shaped 
curve of tlie organism (A) and single ter¬ 
minal flagellum (B). 
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Special culture media :— 

Dunham’s peptone water (see page 69)—This 
is an excellent simple liquid medium for the rapid 
isolation of V. comma. The organisms usually 
grow on the superficial layer, forming a delicate 
pellicle, while the other intestinal bacteria grow in 
the deeper layers. Plenty of growth takes place 
within 6 hours. In this medium, unlike the nutrient 
broth, there is slight opacity but no marked 
turbidity. 

Dieudonng’s blood-alkali agar medium (see 
page 69)—This is a selective medium for the isola¬ 
tion of Vibrio comma from stool. The large 
amount of caustic potash in this medium inhibits 
the growth of other intestinal bacteria. The 
colonies are small, discrete, transparent and moist. 

Taurocholate agar (p. 70):—The organism 
grows and produces bluish, transparent, moist 
colonies. 

BIOCHEMICAL REACTIONS :— V. comma 

has a marked proteolytic action. This is usually 

observed by the liquefaction of gelatin and 

coagulated blood serum. An alkaline reaction is 

absolutely necessary for such a proteolysis to 

occur, any acid reaction inhibiting the process 

altogether. Rapid production of indol in an 

alkaline peptone water is another very well marked 

property of V. comma. This is usually demonstrat- F j g 2 se. 

ed by a positive “cholera red or nitroso-indol Gelatin stab-culture of 

reaction. It is to be noted that nitrate present in Y m A’ on ^!. n1, showing in- 

1 . fundibuliform liquefaction, 

peptone* water is also reduced by the organism into 

nitrites. 'Thus the addition of sulphuric acid alone changes nitrite into nitrous 
acid whii'h combines with indol, producing the nitroso-indol (red colour) 
reaction. 



Although some members of the vibrio group produce a haemolysin which 
acts on the red cells causing their lysis, the Vibrio comma does not come 
under that category. True cholera vibrio is non-hcrmolytic . 

There is no characteristic fermentative reaction, although common 
laboratory sugars, such as glucose, manniie, maltose and saccharose, arc 
acted on with the production of acid o* ! no gas. It has no action on 

lactose. Usually there is no change •*ms milk, but when grown for 

several days, the organism may occas- produce acid reaction followed 

sometimes by coagulation. 

VIABILITY:—! he Vibrios are all p vsisting organisms, being very 
susceptible to heat, desiccation, disinfi. and acids. Exposure to S5°C. 
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kills them in less than 15 minutes, but they can remain alive at a tempera¬ 
ture below the freezing* point for some clays. It is ior this reason that taking 
of iced drinks and food stuffs is dangerous in the tropics, particularly win .1 
there is an epidemic out-break of cholera. Carbolic acid, in 0*5 per cent, 
solution, kills them in a few minutes. Kxposure to direct sunlight and a 
thorough desiccation are both very injurious to the life of the V ibrios which 
are destroyed in a short time. 

Although the organisms are so feebly resistant to desiccation, they can 
retain their vitality for a long period if kept moist, as in soiled clothes under 
conditions which prevent their complete drying. For instance, Rogers has 
recorded instances of the infection having been conveyed long distances by 
linen contaminated with 1'a‘cal and vomited matter from cholera patients and 
thus leading to out-breaks of the disease among those who had subsequently 
handled the clothes. 

On the surfaces of fruits and vegetables, the organism may remain alive 
for days, specially in a cool moist place, and such articles may therefore help 
to spread an epidemic. The use of uncooked vegetables, as salads, and the 
eating of fresh fruits which have not been thoroughly washed are positively 
dangerous in the tropics, specially when cholera is raging in the locality. 

Acids, even in low dilutions, i.e., 002 to 0*05 per cent, hydrochloric 
acid, are very injurious to the life of the vibrios which are rapidly destroyed. 
A healthy stomach with copious gastric juice thus affords a powerful protec¬ 
tion against infection by V. comma. 


The cholera organisms die out rapidly in distilled or sterile water but 
may survive for some time in the natural waters commonly used for drinking 
purposes. 

TOXIN PRODUCTION: —Cholera vibrio does not produce any extra¬ 
cellular toxin and hence no antitoxin could be prepared. The toxic element 
appears to be present inside the bacterial body and is set free when the 
organisms die and disintegrate. This endotoxin is responsible for the toxic 
effects in Vibrio-infected patients. 


SEROLOGICAL REACTIONS:— Although no antitoxin has been 
demonstrated, certain antibodies are formed in the body when it is infected 
with cholera vibrio. The chief of them are specific agglutinins, specific 
o^ponins and certain ba<ffe?ici<|al and bacteriolytic substances. 


vibrio, introduced into the body of an animal, produces specific 
In its blood. In this respect all the various strains of Vibrio 
bfeeft found to fall into one serological type. Normally, the 
^ he&Uhy man fails to agglutinate the Vibrio comma or it 
.e., fn 1 in 20 . But during the disease process, the 
iSay .rise to 1 in 1,000 or more, although it rapidly 
harbouring the vibrios in their gall 
jlMSiM^^^^^^^^^^^t^g^lutination tit re. In practice, a 
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by Vibrio comma. It should be noted that, like other flagellated bacteria, 
Vibrio comma possesses two types of antigens—a heat-labile H and a heat- 
stable O receptor—each of which can give rise to its specific agglutinin. 
The immune serum produced by the injection of living or dead vibrios into 
rabbits contains specific bactcriolysins which can be demonstrated by the 
Pfeiffer's reaction. This test is an example of bacteriolysis in vivo, i.c., 

inside the peritoneal cavity of an immunised animal, and is employed in the 
identification of Vibrio comma (p. 187). 

PATHOGENICITY 

IX ANIMALS :—Animals do not naturally suffer from the infection, 
but under experimental conditions, when living vibrios are injected into the 
peritoneal cavities of rabbits or guinea-pigs, the animals die of toxaemia 
within 24 to 48 hours. As a rule, V. comma is not pathogenic to pigeons. 

IX M.-l.V;—Vibrio comma produces the disease known as Asiatic 
cholera. The main seat of the lesion is the alimentary canal, particularly the 
small intestine. The vibrios usually enter the system by the mouth through 
contaminated food and drinks. Like typhoid fever, there is usually a direct 
or indirect contact either with a patient suffering from the disease or a carrier. 
In the tropics, an additional source of danger is the fly which feeds on the 
dejecta of cholera patients and subsequently contaminates articles of diet by 
carrying the vibrios both internally as well as externally. 

'I he following table summarises the mode of infection in cholera: — 
Infection 


By carrier 

By the diseased 



person 


Fanes 

Faeces & Vomit 
| 


Finger 

1 


Food 

Contaminating Finger 

Flies 


drinking of attendants 

I 

l 


water J 

! 

Food 


Food 



In the majority of cases, the acid gas» 
the stomach, but if the bacilli can pas^ 
content, they multiply with astounding 
symptoms of the disease. Lowering of • 
function of the stomach, constipation 
digestion, always favour infection. 


.k e kills the organisms inside 
■ ’ued into the alkaline duodenal 
tv and produce the signs and 
■■•*ral resistance, faulty digestive 
ictetic errors which upset the 
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Lesions 

4 

Intestines:— In the small intestine, there is marked vascular engorge¬ 
ment, catarrhal inflammation with desquamation of the epithelium and 
exudation usually of a serous, but occasionally scro-sangumous, fluid, mixed 
with flakes of mucus, into the lumen of the gut. Such an evacuation 
constitutes the socalled “rice water stool” of cholera. I he toxins ol 
V comma act injuriously on the liver cells, causing a suppression of the 
biliary secretion and it is for this reason that the cholera stool is not coloured 
with bile. The stool is passed frequently through the rectum, constituting 

the typical cholera evacuations. 



Fig. 257. 

Cholera intestine. 

Note the prominence of lymphoid follicles and 
Peyer’s patches, injection of blood vessels and 
denudation of surface epithelium with flakes of 
mucous shreds. 


There is also frequent vomiting 
of similar material. Besides the 
vascular engorgement and the 
changes in the mucous membrane 
of the gut, there is a vers mark¬ 
ed hyperplasia of the lymphoid 
tissues of the intestines. 1 he 
Beyer’s patches, as well as the 
solitary follicles in the submucous 
tissue of the* intestine, are greatly 
swollen and enlarged and thc\ 
stand out very prominentl\, look¬ 
ing like small tubercles on the 
epithelial surface. I his is a very 
characteristic appearance in the 
small intestine of a case <>l 
cholera. The peritoneal surlace 
of the intestine shows marked 
vascularity and appears injected 
(I’V* -57)- 

'The mesenteric lymph mules 
are always considerably enlarged 
and hypenemic, with marked 
hyperplasia of the lymphoid 
tissue elements. 

The vibrios may be seen to 
penetrate up to the submucous 
laver but no further and even 
this is found only in fatal cases, 
possibly as a terminal pheno¬ 
menon. 'Fhe organisms never 
penetrate further or reach the 
general blood stream. 

Gall bladder: —Another organ 
which becomes the seat ol an 
important lesion is the gall 
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bladder. The vibrios appear to reach the organ from the duodenum, via the 
biliarv passage, and cause an acute or chronic catarrhal inflammation of the 
mucous layer. The epithelial cells are swollen and desquamated and there is 
production of an excess of mucus which is discharged into the bile. The 
vibrios multiply rapidly in the bile which becomes almost a pure culture of the 
organisms. They are discharged with the bile into the duodenum to be passed 
with the feces and such a gall bladder may thus serve as a reservoir of infec¬ 
tion. Usually, the discharge of the organisms from an infected gall bladder 
into the intestine is intermittent, and a person with such a gall bladder acts 
as a carrier. Calculi may form in such an infected organ. 


Kidneys: —The toxins of the Vibrio comma are very injurious to the 
kidneys which are often damaged more or less seriously according to the 
intensity of the toxaemia. The organs are swollen and enlarged; their 
capsules are stretched and they are pinkish red in colour. On section, the 
cut surfaces are vividly pink with injected vessels passing towards the 
cortex. The pyramids appear intensely red and almost haemorrhagic, 
specially at their bases (Fig. 258). Microscopical examination reveals 
marked engorgement of the 
glomerular and intertubular 
vessels. The glomeruli are 
swollen with some exudation 
of an albuminous fluid into 
the capsular spaces while tin* 
tubular epithelum shows vary¬ 
ing degrees of fatty, granular 
and hyaline degeneration. I11 
some instances, the lumina of 
the tubules are found to be 
completely blocked by a 
coagulated material which 
thus appears to cause an 
obstruction to the flow of 
urine. The results of such an 
alteration in the kidnexs pro¬ 
duce suppression of urine and 
signs and symptoms of acute* 
unemia which is always a 
very serious complication in 
cholera. It may be noted in 
this connection that the above 
mentioned changes in the 
kidneys suggest more a pic¬ 
ture of acute nephrosis rather 
than one of acute nephritis. From a careful study of the histological 
appearances ol the kidneys in a large np^'^r of cholera cases, the writers 
are ot opinion that, contrary to the cur. . b.liel, unemia in cholera is not 
due to acute nephritic changes in the k < - as occur in scarlet fever and 

other streptococcal infections. The appears to be the result of 



Fig. 258. 

Cholera kidney. 

Note the intense congestion of pyramids and the 
presence of injected blood vessels in the cortex. 
Histopatliology of such a kidney did not show any 
nephritic change. 
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an overwhelming toxaemia, producing - a functional paralysis of the organs, 
aided by a loss of tone of the vasomotor system, particularly of the 
splanchnic regions. Such a toxic nephrosis lasts only for a short time and 
the kidneys usually recover completely both in function and structure during 
convalescence. 

Changes in the blood: —Owing to depletion of fluid through vomiting 
and purging, the blood becomes concentrated and its specific gravity high, 
rising above 1060. For the same reason, the number of red and white cells 
per cubic millimetre also rises very considerably. There is considerable 
diminution in the amount of chlorides and also in the alkali reserve, the 
latter being responsible for a condition of some degree of acidosis. The 
blood pressure always falls below normal. 

Carriers 

Persons, while convalescing from an acute attack of the infection, harbour 
the vibrios in their gall bladder and intestines and discharge them with the 
stools. They act as carriers and are the most important elements in the 
spread of the disease. Although the percentage of such carriers is very 
large, fortunately the condition does not last long. Usually, the excretion 
of vibrios by convalescents continues only for two to three weeks and it : s 
extremely unusual to detect the organisms in the stool two months after 
recovery from the disease. Thus cholera carriers are of less importance 
epdiemiologically as compared with typhoid carriers where the condition 
lasts longer. 

During an epidemic outbreak, large numbers of healthy persons who 
come in contact with the cases may be found to excrete the vibrios in their 
stools and such persons are called healthy or contact carriers and their 
incidence may rise as high as 6 to 7 per cent, during- the epidemic period. 
They are very important elements in the dissemination of the disease, 
although the actual period during which they harbour the vibrios in their 
intestines is very short, lasting for 6 to 8 davs onlv. 

THERAPEUTIC CONSIDERATIONS 

Although the specific antiserum contains agglutinins, bactcriolysins and 
other immune substances and the injections of such sera protec t animals 
which are experimentally infected, their use in actual cases of Asiatic' c holera 
in man has been found to be totally disappointing. The disease also runs 
too acute a course to be affected by any vaccine therapy. 

Bacteriophage in Cholera :— 

It has been definitely found out that a very powerful lytic agent is 
present in the stool of a convalescent case of cholera. This “phage” is said 
to kill the vibrios within a few hours. Owing to its powerful Ivtie effects, 
the phage is now-a-davs extensively used as an active therapeutic agent in 
the treatment of cholera as well as in its prophylaxis in epidemic areas. It 
has been suggested that the presence of this phage in the intestines of 
cholera patients during the period of convalescence is responsible for the 
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disappearance of the vibrios from the stool in such a short time and the 
excretion of this powerful agent, while the patient is convalescing, into tanks, 
streams and other sources of drinking water has also been supposed to be 
an important factor in the control of an epidemic in rural areas. 

1 he discovery of the cholera bacteriophage has led to its use in the 

treatment of cholera cases and icports have been made from different parts 
of India about its efficacy in this disease. It is essential that for this pur¬ 
pose, the disease must be detected early and the phage administered at the 

earliest moment. It is supplied in ampoules and should be given in empty 

stomach in sufficient doses and should be repeated frequently. Of course, 
the accessory methods of medical treatment for urgent symptoms should 
he resorted to in addition to the bacteriophage therapy. 

Mode of administration :—“It should be given undiluted in one drachm 
doses every 30 minutes. Two bottles, each containing 50 c.c., should be 
finished by direct sipping in the first 16 hours. After the first 24 hours, one 
bottle during the next 48 hours should generally suffice (Harvey).” 

Cholera vaccine: —This was first introduced as a prophylactic 
inoculation against cholera by Haffkine who used living organisms for this 
purpose. The vaccination consisted of a preliminary injection of an 
attenuated culture, followed later by that of organisms of exalted virulence. 
As it is not desirable to employ a vaccine consisting of highly virulent living 
organisms, the use of a vaccine containing dead organisms has recently 
been recommended. It consists in giving two subcutaneous injections of an 
emulsion made from virulent, highly agglutinating cholera vibrios and killed 
by heat at 55°C. The first dose is 4,000 millions to be followed 7 to 10 
days later by the second dose consisting of 8,000 millions. Some local and 
general reactions are produced but they pass off in 24 to 48 hours. 

Such an inoculation is associated with the development of specific 
agglutinins and other antibodies in the blood of the inoculated person and is 
supposed to ('onfer some degree of protection against the vibrio infection. 
This artificial immunity, however, does not last for more than six months 
and is most active during the first 2 or 3 months. 

Bilivaccine: —This has been introduced on the hypothesis of Besredka 
that real protection can only be obtained if the local cells in the intestinal 
epithelium can be stimulated to heightened resistance against the penetra¬ 
tion of the cholera toxin. To produce such an action, vaccination by the 
mouth is now frequently resorted to in mass immunisation. The vaccine is 
administered either as a suspension or as tablets and is preceded by a dose 
of bile. This preliminary administration of bile is supposed to increase 
the subsequent action of the vaccine. Both the bile and the vaccine should 
be given on empty stomach. Usually 3 to 5 doses are enough. 

It has been found by some that a s' 1 ^ 1 ^ al immunity is thus produced 
without the appearance of demonstrate. .‘.bodies in the blood and this 

method of immunisation is reported t.diminished the incidence of 

cholera cases in endemic and epidemic .. 
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LABORATORY DIAGNOSIS OF CHOLERA 
Collection of materials :— 

From infected patient :—Rice water stool, vomit and other fomites and 
blood. 

From a dead body: —Fomites, such as soiled linen, contents of the 
small intestine and bile from the gall bladder. A coil of intestine should be 
ligated at both ends and then removed and sent to the laboratory for 
examination. 

Front suspicious water :—About one litre should be collected from the 
surface in a sterilised vessel and packed in ice until used for examination. 

From carriers: —Pieces, bile from duodenum and blood. 


Methods of examination 

Microscopic examination of the fresh stool:— This gives an idea of the 


character of the cellular exudate and 



Fig. 259. 

Cholera stool. 


is very helpful to differentiate the con- 

There are very few leucocytes or 
macrophages but only mucus and 
degenerated epithelial cells. In some 
cases, red cells may be present. Many 
bacilli with characteristic morphology 
and well marked motility may be seen 
(Fig. 25c)). 

A white flake of min us is taken and 
smeared over a clean slide which is 
allowed to dry in the air. The film 
is then fixed over the flame and stained 
with dilute earbol fuchsin (1 in 15 of 
Ziehl-Xeelscn \s stain) for a minute or 
two. After a thorough wash, when 
the slide is dry, it is examined under 
an oil immersion lens. The tvpical 
comma shaped viltrios may be found. 
They aie Gram-negative. 


Cultural methods: —An alkaline peptone water tube (Dunham’s) is 
inoculated with a flake of mucus and int ubated for 8 to 10 hours. A drop 
from the surface should be examined for the vibrios. 


Sub-cultures may then be made from the surface material on agar, fresh 
peptone tube and special media and the details of the morphology and 
biochemical reactions studied. 


The two media which are particularly useful are (a) taurocholatc agar 
(pH. 8*6 to 9*6) and (b) blood-alkali-agar (Dieudonneks medium). Plates of 
the above media may also be inoculated with a flake of mucus thoroughly 
washed in sterile saline. The characteristic colonies will be found after 
24 hours. 
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Identification of the cultivated organisms may be made by studying the 
following details: — 

(i) Morphology. 

(ii) Biochemical reactions :— 

(a) Liquefaction of gelatin. 

(b) Cholera-red reaction. 

(c) Haemolysis. 

(iii) Agglutination in vitro with specific antiserum. 

(iv) Pfeiffer’s reaction—Agglutination and bacteriolysis in vivo (p. iSy). 

For diagnostic criterion of cholera vibrio, vide table on page 527. 

Blood examination: —This should be done for three reasons: — 

1. To eliminate algid type of malaria in the tropics. 

2. To demonstrate the presence of specific agglutinins in the serum. 

3. To test the specific gravity which is always raised very high in 

cholera. This also serves as an indicator as to how much 
saline should be injected. 

In a very acutely fatal case of cholera, no agglutinins are found. But 
when the patient survives for a few days or during convalescence, specific 
agglutinins are present in considerable amount. It has been found that 
the maximum tit re is reached at the end of the first week aYfer which it 

begins to decline. In practice, the presence of agglutinins in the serum in a 

dilution of 1 in 100 and above is quite diagnostic. In “carriers,” there 
remain sufficiently demonstrable agglutinins in the blood to establish a 
diagnosis of Vibrio infection. 

Sanitary considerations: —It may be remembered in this connection 
that the two important factors in the infection by V. comma are drinking 
water and food materials contaminated by dies. Hence, every precaution 
should be taken against them. All water used for drinking purposes should 
always be boiled and any other material, such as dishes, utensils, etc., which 
may be used in connection with eating and drinking should be thoroughly 
sterilised either by boiling or by suitable antiseptics. Use of chlorine and 
potassium permanganate in the sterilisation of watei has been found to be 
very efficacious. All food materials should be cooked fresh and taken 
immediately after and all precautions should be taken to protect them from 
contamination by flies. Milk is a particular source of danger and it should 
never be permitted to be taken without sufficient boiling each time it is 
taken. To prevent insanitary conditions which always attract flies, liberal 
use of bleaching powder, quick lime or any other suitable disinfectant should 
be insisted on. 

When an epidemic breaks out in * *'ity, tanks, wells and similar 
sources of drinking water should be at protected from contamination. 
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But usually in a country where people are ignorant, these sources are already 
contaminated before any step can be taken and it is for this reason that 
sterilisation of water is so important. 

The question of carriers and human reservoirs of cholera vibrios is 
always a very important matter. They should be detected as early as 
possible and isolated. Such men should not be allowed to handle food or 
drink or to come in contact with the latter in any way. 

Personal prophylaxis .*—The general health should be maintained as 
satisfactorily as possible. Fatigue, overwork, mental worry, panic and 
apprehension, night-keeping and in fact, excess of any kind, should be 
avoided. The diet should be plain, simple and easily digestible. Dietetic 
indiscretion tends to upset digestion and increase susceptibility to infection. 
Raw fruits, hard indigestible foods, salads, melons, cucumbers and such 
other articles of diet should he* avoided during an epidemic of cholera as tlies 
tend to produce indigestion and catarrh and increase the liability to infec¬ 
tion. Purgatives should be avoided for the same reasons. Apart from tin* 
various precautions mentioned previously under sanitary conditions regard¬ 
ing food and drinks, weak tea or lemon decoctions are very good pmphylac- 
tics. The regular and frequent use of acids and acidulated drinks are* ve ry 
gejod during an epidemic as the acids are* ve-ry injurious te> the- lile* of the* 
cholera vibrio and jo to 20 drops of sulphuric or hydrochloric acid in a glass 
of water taken two or three times a day are* ver\ effect ixe*. 

ALLIED ORGAX 1 SMS 

An organism (El Tor vibrio) was isolated by Gotschlich (kjo 6 ) from 
patients sulfering from dysentcrie' symptoms at El Teir, which was found 
to produce marked extracellular te>xin and having luemolytic action. Serum 
readmits, however, ce>nfe>rm to V. comma and it has bee n regarded by some* 
to be a variation in the type e>f Y. comma and the* eases were* possibly 
cholera carriers. 

It has been further observed that there occurs a group of eases with 
choleraic symptoms which are* of less severity than true* cholera. The 
vibrios isolated from these* cases do not conform to the* classical \ . comma 
but differ in be*ing markedly luemolytio, ne>t agglutinated by anti-cholera 
serum and giving a negative Pfeiffer's reaction, 't hese organisms are re¬ 
ferred to as Paracholero vibrios. 

Other vibrios 

Vibrio metchnikovi ( Gnmclcia , tHSS):—'T his organism causes a se*p- 
tieaemic disease with acute enteritis in fens Is and was isolated from their 
faeces and blood. (Note:—Chicken ehedera is pre>duce*d bv Past. avise*ptica). 
In its morphology, staining reactions and some of the cultural eharacters, 
it resembles V. comma but differs from the latter in the* following: — 

(i) Gelatin is liquefied rapidly. 

(ii) It is haemolytic. 
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(iii) It is not subjected to lysis or agglutinated by anti-cholera serum. 

(iv) It is more virulent to guinea-pigs and pigeons. 

(v) This organism is more invasive than V. comma, being recovered 
from the blood of infected and inoculated animals. 

Vibrio foetus (Macfadyen and Stockman, 1913, Smith, 1918):—This 
organism causes infectious abortion in sheep and cattle. Morphologically and 
in staining reactions, it resembles cholera vibrio but for its growth in artificial 
media it requires a micro-*erophilic condition. It does not produce indol. 
Serologically, it is a distinct and homogeneous species, being agglutinated 
by its specific antiserum. Laboratory animals are not susceptible. 

Vibrio proteus (Finkler and Prior's vibrio , 1884):—This organism was 
isolated from cases of “cholera nostras.” It has frequently been found in 
water. It resembles cholera vibrio morphologically and culturally and it 
('an be grown in ordinary media. It liquefies gelatin rapidly and does not 
give any cholera-red reaction. It is not agglutinated bv anti-cholera serum. 
It is less virulent than Deneke’s Vibrio tyrogenus. 

Vibrio tyrogenus (Deneke's vibrio, 1885):—This organism was isolated 
from cheese. It liquefies gelatin but not so rapidly as V. proteus. It 
does not give any cholera-red reaction and is not agglutinated by anti- 
cholera serum. It is pathogenic to guinea-pigs and pigeons. 

Vibrio phosphorescence: —This organism has been isolated from human 
freces and has frequently been encountered in water. 

Tabic showing the differences between various organisms of the Vibrio 
group :— 


Organisms. 

Gelatin 

liquefaction. 

H cento- Cholera- 
lytic pro-, red re- 
perties. action. 

Agglutina¬ 
tion with 
anticholeui 
serum. 

Pfeiffer's 

reaction. 

Pathogen^ 
city for 
laboratory 
animals. 

V. comma 

Slight 


+ 

+ 

+ i 
Scarcely 
pathogenic 
to pigeons. 

T\ metchnihovi ... 

Marked 

1 


0 

0 

1 

+; 
highly 
pathogenic 
to pigeons. 

V. ftrtus 

Marked 

+ 

0 

0 t 

0 

Vibrio proteus 

j Very marked 

+ 

0 

0 

+ 

Vibrio tyrogenus 

Marked 

+ 

0 

0 

+ 

Paracholera vibrio 

Slight 

+ 

0 j 

0 

+ 
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Spirillum minus (Carter, 1887) 

(Spiroclueta morsus muris) 

The organism of rat-bite fever . 

This spirillum occurs naturally in rats (Fig*. 260) and other wild rodents. 
It is a small spiral organism, measuring 2 to 5 fx in length. It possesses a 
number of terminal flagella at 
each pole (lophotrichate) and is 
an actively motile organism ^ 

(Fig. 261). 


■\ t 


Fig. 260. 

Hall us rati us, tin 1 carrier of the organ i^n ot 
rat-hite lever (Spirillum minimi. 


readily with Lcishman’s stain. For 
y. S cultivation, Smith-Xoguchi’s medium should 

be used. The organism is pathogenic to 
guinea-pigs. In man, it produces a disease 
characterised by a relapsing type of lexer, 

Fi8 261, assoc iated with a local lesion at the site of 

Spirillum minus in the blood . . . , . , , 

plasma of rat. showing two or three i n< »< u la t ion. mv ulvomnl ol the com-spond- 

curves with flagella at each end. inj^’ lymph nodes and soimliims an eruption 
The actual number of spirilla is. ,,f m;uu l al - rils |,. Tile disease is u.siialh 
however, fewer than that shown in , , . , , . .. * 

the diagram. dfVflnpcd about to to Jo flat s alter tile 

bite ol a rat. The easiest way to diagnose 
the disease is either by actually finding the organism in the peripheral blood, 
which appears to be seldom successful or injecting the blood into a mouse 
in which it does not produce any lethal effect but the* organism ran be 
demonstrated in the animal’s blood. The organism may also be demonstrated 
from the local lesion and the* corresponding lymph glands. It is to be noted 
that one intravenous injection of neosalvarsan or other arsenical preparations 
effects a complete cure. 



/ 


CHAPTER XXXIII 


SPIROCHETES 

It is “a general term for all elongated, motile, flexible organisms which 
are twisted spirally around their long axes.” 

Systemic position: —The features which bring them closely in relation 
to bacteria are the following: — 

(i) Absence of any definite localised nucleus. 

(ii) 'There are no sexual phenomena of reproduction and they multiply 
like bacteria by transverse division. 

The failures which differentiate them from bacteria are the following :— 
(ij Some of them possess an undulating membrane like trypanosomes. 

(ii) 'They possess motility without flagella. 

(in) 'They are flexible. 

(iv) Some of them like the protozoa, pass stages of their life cycle 
in intermediate hosts, such as the louse and tick. 

(v) 'They undergo lysis when treated with certain chemicals, such as 
saponin and sodium taurocholate, as opposed to the resistance 
shown bv most bacteria. 

Differentiation of spirocluetes from spirilla >:— 
Spirilla* are bacteria with curved bodies and 
possessing motility and definite flagella. They 
arc not flexible like the spirocluetes. 

Classification: —According to their morpho¬ 
logical characters, the organisms are divided into 
b different classes (Fig. 262) as follows: — 

(1) Spirochaeta (Ehrenberg, 1834) or Coiled 
hair (Spira, a coil; Cfueta, hair). 

Characters: —An axial fibre is present. Body 
is tw isted around this axial fibre in a spiral manner, 
like a staircase. Secondary waves may be super¬ 
imposed on the primary spirals during motion. 
Metachromatic granules are present in their bodies. 

Examples ■ • *- se arc free living fresh water 

or marine spiv . which Spirochieta plicatilis is 
the type. 

(2) Sap* - • (Cross 1911) or Putrid coil 

(Sapros, rotU. 


•i. 

SHPOOIA 7* 


cmsrispiRA 


#• 


f'i '\ 

TREPONEMA 




“U 


BORRELIA 


LEPTOSPIRA 


Fig. 262. 

Diagram illustrating the 
morphological characters 
of various forms of 
spirocheetes. 
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Characters: —There is no axial filament and no crista (undulating mem¬ 
brane) or flagellum. Body is divided by many transverse septa into chambers. 

Examples :—These are large free swimming aquatic organisms. 

(3) Cristispira (Gross, 1910) or crested coil (Crista, a crest ; Spira, coil). 

Characters :—It possesses a band like membrane or crista (undulating 
membrane) which runs in a spiral manner along the length of the organism. 
Body is divided into chambers by septa of thickened cytoplasm. 

Examples :—These exist as parasites in the alimentary tracts of oysters 
and other shell fish. 


Type—C ris I isp i n 1 hal h ian ii . 

(4) Treponema (Schaudinn, 1905) or turned thread. 

Characters :—There is no axial fibre and no crista or undulating 
membrane. It possesses primary spirals, which may be either closely or 
loosely wound. The ends may be thin or filamentous. During active move¬ 
ment, the coils do not tend to open out and the organisms maintain rigid 
cork-screw like spirals. 

Examples — 

'treponema pallidum. Treponema ret tinmen*:. 

Treponema perteneue. 7 repotiema cun tie. 

'Treponema microdeniium. Treponema balantidis. 

Treponema macrodenlium. 

(5) Borrelia (Swellcngrcbcl, 1907) or Spironema. 


Characters :—'These are like treponema but possess flexible and snake¬ 
like curves which tend to straighten out. These organisms are disintegrated 
by a 10% solution of saponin and bile salts. 


Examples :— 

Organisms of relapsing fever 
(liorr. ohermeieri, liorr. dutloni, ete.) 
Ilorrelia anserina. 

Uortelia theileri. 
liorrelia gallinarum. 


Ilorrelia vineenti. 
liorrelia but 1 alis. 
Ilorrelia hrmtehialis. 
Uortelia eurvgvrata. 


(4) Leptospira (Noguchi, 1917) or fine coil (/.<*/>/ ns, thin or small). 


Characters :—There is no axial fibre and no crista. Cytoplasm is not 
chambered. Many closely wound, primary spirals. Their ends an* turned 
round ut a sharp angle to the rest of the body. Hence, when the organisms 
remain at rest, the ends appear characteristically hooked. They resist the 
action of 10% saponin but are dissolved by bile salts. 

Type species—Leptospira icterolucmorrhagiiv. 

Motility: —The organisms do not possess any flagella but are still 
actively motile. Three kinds of movements can be observed: — 

(1) Flexion or bending of the filament, producing a change in shape. 

(2) Rotation around the long axis. 
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(3) Movement of translation, i.e., moving from one place to another. 
They can move either forwards or backwards without exhibiting any 
anteroposterior polarity. The rate of movement is extremely variable. Some 
move slowly while others dart quickly across the field of the microscope. 

Staining reactions: —Spirochetes are very difficult to stain with 
ordinary aniline dyes and this is due to the want of nucleo-proleins in their 
bodies. Direct films from an exudate may be stained with (a) Giemsa’s stain 
(long exposure is necessary, vide p. 33.) or by (b) Fontana's method (silver 
staining). These organisms, when stained by Gram's method, are all 
Gram-negative. Sections of tissues may be stained by Levaditi's method 
(vide appendix). 

Dark ground illumination 

This method is of great value for the examination of spirochaetes and 
other delicate organisms in the living condition as they are not visible when 
unstained by the ordinary microscope. In this, the rays of light are thrown 
on the object very obliquely so that none of them enters the tube of the 
microscope directly and reaches the examining eye. They can only reach the 
observer’s eye when they are scattered by objects, e.g., bacteria, which are 
of different refractive index from the medium in which they are suspended. 
The objects are thus rendered visible as bright points of light in a dark 
background. In order to achieve this, the following three requisites are 
necessary : — 

1. A special form of condenser. 

2. A very bright illuminant, such as an electric arc or ‘pontolite* lamp. 

3. A spec ial mount for the 1/1 2 in. oil immersion objective, containing 
a funnel stop which reduces the numerical aperture of the objective to less 
than i*o. Or else to use an objective with a built-in-diaphragm, in order to 
cut off all direct rays of light. 

Examination of the specimen :—Slides employed for the purpose should 
be i*0 to 11 mm. thick. Film from the exudate is made as thin as possible 
and covered with No. 1 coverslip. It is advisable to smear the rims of the 
covcrslip with vaseline so as to prevent evaporation. A drop of oil is placed 
on the undersurface of the slide as well as on the top lens of the condenser. 
The slide preparation is then placed on the stage and contac t between the two 
drops of oil is established. Using the plane side of the mirror, the light is 
directed into the dark ground condenser and the preparation is focussed with 
a low power objective (2/3 in.). A concentric ring of light is obtained, which, 
if not in the centre of the field, is brought into position by manipulating the 
two centring screws of the condenser. A drop of oil is now placed on the 
top of the coverslip and the oil-immersion lens is adjusted. The specimen 
is then carefully focussed. A slight adjustment of the mirror or the con¬ 
denser may be necessary to obtain a uniformly dark background with 
brightly illuminated bacteria and other 01.Imiis in the field. 

After use, the parts of the micros* - «wild be wiped clean to remove 
the oil. 
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Fontana’s method ol staining spirochetes 

Reagents required :— 

1. Fixative 

Glacial acetic acid 
Formalin 
Distilled water 

2. Mordant 

Tannic acid ... 

Carbolic acid ... 

Distilled water 

3. Staining solution 

This is an ammoniacal silver nitrate solution which is prepared by adding 
10 per cent, ammonia solution drop by drop to a 0*25 per cent, silver nitrate 
solution in distilled water until the precipitate formed just dissolves. 
Now, more silver nitrate solution is added drop by drop, until the liquid 
becomes just opalescent. 

Technique :— 

(i) Dried films are fixed without heat in solution No. 1 and stained 
for about a minute. 'Flu* fluid is dropped on to the film and 
changed once or twice. 

(ii) The preparation is then well washed in running water. 

(iii) Flic film is then covered with the mordant and heated (without 
boiling) till steam rises and allowed to remain for about half a 
minute. 

(iv) The slide is again washed in water. 

(v) Ammoniacal silver nitrate solution is poured over the film and 
heat is applied gently till steam rises and then allowed to remain 
for half a minute. 

(vi) The film is finally washed well in distilled water, dried, mounted 
in Canada balsam and examined with an oil immersion lens. 

By this method, the spirocluetes are coated w ith a deposit of silver w hit'll 
makes them stand out very prominently as black filaments which, however, 
are much thicker than the living organisms. 

Cultivation :— Essential conditions required for growth are the 
following: — 

(i) Native animal protein, such as blood, serum or ascitic fluid. 

(ii) Low oxygen pressure (anaerobic condition)—This is obtained bv 
adding to the medium a piece of fresh sterile kidney or testis of 
a rabbit. 

(iii) Covering with a layer of paraffin oil—This helps in preventing 
evaporation of moisture and loss of CO.,. 

(iv) Liquid or semi-solid medium. 

(v) Slightly alkaline reaction of the medium. 

(vi) Sugars are essential for the metabolic activity of blood 
spirochaetes, specially for their movements. 


I c.c. 
20 c.c. 
100 c.c. 

5 gms*- 

1 gm. 
IOO c.c. 



CULTIVATION OF SPIROCHETES 


533 


It is to be noted in this connection that while some grow very easily, such 
as the Leplospira iclero-hccmorrhagicc, others do not, such as the Trepone¬ 
mata. Hence, the latter arc generally preserved by animal inoculation. 

According to their cultural requirements, they can be divided into two 
main groups as follows: — 

]. Aerobic—This includes the Leptospira only. 

2. Anaerobic group—This includes tissue and blood spirochaetes, such 
as Treponema and Borrelia groups and also the saprophytic spirochaetes. 

Medium for the cultivation of Leptospira 


Composition :— 

Rabbit serum ... 

Saline or Ringer’s 1 solution 
Titrated rabbit plasma 2 ... 

Nutrient agar (2 per cent.) at 6o°C. 


2 parts. 
6 parts. 
1 part. 

1 part. 


The contents are mixed by rotation. A layer of sterile liquid paraffin, 
Jin. deep, is then placed on the surface of the medium. 


1. Ringer's solution 
Sodium chloride 
Calcium chloride 
Potassium chloride 
Distilled water 


... <) gms. 

... 0.25 gm. 

... 0.4 2 gm. 

1,000 c.c. 


2. titrated rabbit plasma —For this, 10 c.c. of blood are mixed with 1 c.c. 
of 10 j)f r cent, sterile sodium citrate solution, centrifuged and the clear supernatant 
plasma is pipetted off. 


Media for anaerobic group 

Smiih-Xoguchi’s fluid medium (p. 383) is used for this purpose. When 
the spirocluetes have to be cultivated from impure or contaminated 
materials, a solid medium is to be preferred. It is prepared by adding tw r o 
parts of 2 per cent, nutrient agar at 5o c C. to one part of sterile ascitic fluid. 
About 15 c.c. of this mixture art' poured into a long narrow test tube, 
containing a piece of sterile rabbit’s kidney or testicle at the bottom. The 
tube is then allowed to cool and the mixture solidifies. Inoculation of the 
material containing the spirochaetes is carried out bv means of stab 
inoculation with a platinum loop or a capillary pipette. The medium is then 
covered with a thick layer (hall an inch) of sterilised paraffin oil or vaseline. 
The requisite anaerobic conditions are produced by the tissue and entrance of 
oxygen is prevented by the column of . olid agar and liquid paraffin or 
vaseline. 


Once pure cultures have been ok 
in Smith-Noguchi’s fluid medium w»‘- 
excepting the agar mixture. Such a 
cultivation is made from pure materia- 


.1, subcultures may be made 
exactly the same as above, 
...n may also be employed when 
-iiould be noted that it is better 
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to introduce the inoculating* material along* with the sterile animal tissue 
before adding the ascitic fluid. After inoculation the tubes are placed inside 
an anaerobic jar as an additional safeguard. 

Resistance: —Power of resistance is not very great outside the animal 
body. Although they cannot stand desiccation, the organisms may remain 
alive if kept in the cold for a long* time. All pathogenic varieties are 
rapidly destroyed when exposed to a temperature of 5o°C. and above. 
Ordinary sunlight has little or no effect on the spirochsvtes. 

Toxin production: —The toxins of spirochetes have not yet been 
identified and it is very difficult to explain the way in which pathogenic 
spirochetes act on the host. 

Serological reactions: —Spirochetes behave very similarly to bacteria 
in their serological reactions. When a person suffers from a disease or 
when the spirochetes are injected into animals, they give rise to the 
production of agglutinins, spirochetocidins, spirochetolysins, complement 
fixing and other immune bodies. 

Adhesion phenomenon (Brown and Davis, 1927):—The principle of the 
reaction lies in the fact that under the influence of the specific antisera, the 
spirochsvtes may be altered in such a way as to allow minute particles and 
bacteria to adhere to them in clumps. No such ('lumping and adhesion 
take place in the presence of non-specific serum. 

Pathogenicity :—The organisms can be divided according to their 
habitat and pathogenic properties into the following: — 

I. Those not found in man and animals 

1. Spirochevta . 

2. Saprospira. 

3. Crisli spira . 

II. Those found in man and animals 

4. Treponema. 

5. Bor re Hit. 

6. Leptospira. 

The latter may again be divided into two main groups —saprophytes 
and pathogens . 

A. Saprophytes or commensals 

Mouth —Borrclia bun alts. 

Tooth and gums —Treponema mirrodentium 
Treponema macrodenlium . 

Respiratory tract —Borrelia hronchialis. 

I n t esl i n a 1 can a 1 —Borrelia eu rygy ra turn. 

Genital area—7 reponema refringens. 

Treponema batantidis. 

B. Pathogens. 

I. Blood spirochivtes. 

(a) Of man —Organisms of relapsing fever 
(Borrelia obermeieri, Borrelia duttoni, etc.) 
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(b) Of animals — 

Borrelia anserinum (geese), liorrelia thcileri (cattle), Borrelia gallinarum 
(fowls), Borrelia muris (mice). 

2. Tissue spirochetes. 

Treponema pallidum (Syphilis). 

Treponema perteneue (Yaws). 

Borrelia vincenti (Vincent’s angina). 

3. Blood and tissues. 

Leptospira icterohermorrhagiac (WYiTs disease). 

Leptospira hebdomadis (Seven day h i ver of the Last). 

Pathogenic spirochetes of man can also be divided according to their 
mode of transmission: — 

(a) Transmitted by direct contact. 

Treponema pallidum. 

Treponema perteneue. 

(b) Transmitted by intermediaries. 

(a) Blood sucking insects. 

I^ouse —B orrelia obermeie ri . 

Tick —Borrelia dulloni. 

(b) Rat s— Leptospira icte rob anno r rh agio'. 

(c) Field mice— I^eptospira hebdomadis. 

(c) Transmission unknown —Borrelia vincenti. 

Therapeutic considerations :— It will be seen later that spirochetal 
infection is followed by the development of an active immunity. But the 
inoculation of such anti-spirocluclal sera offers very little protection. The 
only spirochetal infection where serum therapy is of any value is Weil’s 
disease. 1 T accination with dead spirochetes has also been tried in various 
animal spirochetoses but the results are not very satisfactory. 

The treatment of various spirochetoses is based on chemotherapy and 
the following heavy metals are used for the purpose—mercury, bismuth, 
arsenic, antimony and gold. The salts of these drugs which are employed, 
have a marked parasitotropic but least organotropic action. These 
chemotherapeutic agents do not act direr*- the spirochetes but possibly 
through the medium of the natural defensi. ... hanism of the body (reticulo¬ 
endothelial system). It is to be noted tlv * * of the spirochetoses, except 

leptospira infection (Weil’s disease), *»d very well to arsenical 

preparations. Appearance of arsenic •* r strain should be borne in 

mind while treating spirochetal diseases • nlarly relapsing fever. 



536 


TREPONEMA PALLIDUM 


TREPONEMA PALLIDUM 

(Spirochceta pallida) 

The causative organism of syphilis . 

Schaudinn and Hofmann, 1905. 

HABITAT: —The organism is found in large numbers in syphilitic lesions 
and has a strictly parasitic existence. 

MORPHOLOGY: — 7 ' reponema pallidum is an exceedingly delicate spiral 
organism, measuring- about 6 to 14 (jl by 0*25, /i. It is charac terised b\ 

sharp deep regular curves, the number of which on an average is ten. 
Kach curve is situated at a distance of 1 /i, the* depth of the curve being 

1 to 1*5 fi. The ends are pointed and tapering, terminating at each end 
into a fine thread. It does not possess any flagellum. The organism 
possesses a low refractivity and, when viewed under dark ground illumination, 
appears as silverv white. The morphology of the organism is well 
demonstrated in the fresh state when it shows active movements but at 
rest it appears as dots and dashes. The following types of movements may 
be observed :—(1) rotary .cork-screw like' motility along its long axis, (2) a 
flexion of the whole body and (4) a to-and-fro gliding movement by alternate 
contraction and expansion of its ('oils; the latter, however, remain 
relatively rigid. The organism, though actively motile in its place, shows 
very little power of locomotion and progression. This is a very important 
distinguishing point in identifying the organisms from other saprophytes 
w hich may be encountered in the syphilitic* lesions. These latter, on the other 
hand, move very rapidly from one place to another. 

STAINING REACTIONS: —Treponema pallidum is very difficult to 
stain, the ordinary aniline dyes being" without any effect. It is for this reason 
called pallidum. For the staining of spirochtetes, vide page 541. 

CULTIVATION:-/ reponema pallidum is an anaerobe and grows best 
at 3o°C. It does not grow in ordinary media. The organism can, however, 
be cultivated in Smith-Noguchi's solid medium (agar--2 parts, ascitic 
fluid—1 part and a piece of sterile rabbit’s kidney or testicle). 'The medium 
is inoculated with the exudate by means of a capillary pipette (stab 
inoculation) and incubated at 47 C C\ for 2 to 4 weeks. Treponema and 
other bacteria grow along the line of inoculation but later, i.e., after about 
10 to 14 days, the Treponema wanders away from the stab culture and 
spreads in the medium as a hazy diffuse growth. A pure culture can be 
obtained from the edge of this growth by cutting the tubes, fishing out the 
colonies and transplanting into another serum-agar-tissue tube. Smith- 
Noguchi’s fluid medium is used when cultivation is made from pure cultures. 

For the maintenance of cultures, the solid medium is preferable but it 
has been found that the virulence of Treponema pallidum is soon lost by 
such artificial sub-cultures. Hence, the best way to preserve these organisms 
is by intratesticular inoculation into a rabbit (vide infra). 
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RESISTANCE:—/ reponema pallidum is a very delicate organism and 
cannot withstand desiccation, being rapidly destroyed by drying. When 
exposed to moist heat at 5i°C., it is killed within an hour. Cold is, however, 
well borne by the organism. 


SEROLOGICAL REACTIONS: —Infection with Treponema pallidum 

produces complement fixing bodies which give a positive Wassermann 
reaction. It also leads to the production of precipitins which characterise 
various types of flocculation reaction, such as Kahn’s test, Sachs-Georgi, 
Sigma and Meinicke’s reactions. Both the complement fixation test and 
flocculation reactions are of great value in the diagnosis of syphilis and its 
various manifestations. U'assermarm reaction is not a specific complement 
fixation test as meant by Bordet-Gengou reaction (p. 186). It should be 
noted that the antigen used in the Wassermann reaction is not specific, as 
lipoidal extracts of normal organs may give this reaction. Antibody 
developed in the syphilitic infection is therefore a lipoidophilic substance 
which is naturally present in the serum in minimal amounts and is augmented 
non-specifically. This lipoidophilic antibody is supposed to be contained in 
the globulin fractions of the serum proteins. 


ANIMAL INOCULATION: —Majority of the animals appear to be 
refractory to experimental inoculation with Treponema pallidum. It is only 
in anthropoid apes (Chimpanzee) that a disease comparable to syphilis can 
be produced. The organism is introduced by scarifying the skin of the 
areas of eyebrows or genitals. It has been observed that subcutaneous, 
intravenous and intraperitoneal inoculations appear to be ineffective. In 
this animal, primary and secondary stages of the disease can be produced 
but not the* tertiary stage, because the animal dies of broncho-pneumonia 
before it has time to develop tertiary lesions. 


Of all the laboratory animals, the rabbit is the only one which is, to a 
certain extent, susceptible to the infection when introduced into certain sites. 
Thus, inoculation into the anterior chamber causes iritis, scarification of the 
cornea leads to keratitis and intratesticular injection produces orchitis in 
which large numbers of the organisms may be found. It is to be noted that 
in this animal the disease produced is usually a localised one. 

When the organism is inoculated into a mouse, it does not produce any 
lesion but treponemata may be recovered from its lymph glands, spleen and 
brain, several months afterwards. 


Rabbit syphilis: —This is a naturalK 
in the neighbourhood of the mouth and ^ 
by Treponema cuniculi . Microscopical b 
Tr. pallidum. The infection can be ti\. 
rabbits but not to any other animals. In 
penetrate deeper and have little tendency . 


•"' •irring chronic disease found 
’•a of rabbits and is caused 
is indistinguishable from 
vd experimentally only to 
•Gbit, the organisms do not 
ad to the internal organs. 
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PATHOGENICITY 

Treponema pallidum causes a chronic, specific, contagious, venereal 
disease, syphilis, marked by various kinds of lesions. The course of an 
acquired disease is usually described under the following' stages: — 

Primary syphilis, characterised by a chancre (sore at the site of 
inoculation) and indolent buboes. 

Secondary syphilis, characterised by eruptions on the skin and mucous 
membranes, sore throat and general enlargement of the lymphatic glands. 

Tertiary syphilis, characterised by gummata in various internal organs 
(visceral syphilis) and severe skin lesions. 

Quarternary syphilis or parasyphilis, characterised bv nervous 
manifestations, such as tabes dorsalis and general paralysis of the insane. 

Each of these periods is separated by a period of remission or a 
quiescent interval in which the symptoms disappear and the lesions heal up 
spontaneously to reappear again in another guise. 

(Xote: —File word syphilis is borrowed from the name of a shepherd, 
called “ syphilus , ” from the latin poem ot Fracastoro, published in 1530.) 

Mode of infection :— 

(i) The disease is generally contracted by sexual intercourse and is 
particularly a venereal affection. The organism is directly introduced into 
the area and gains entrance into the body through some abrasions in the 
skin or mucous membrane. After an incubation period which mav varv 
from 3 to 6 weeks, a papular sore appears at the site of inoculation. This 
is known as the chancre (genital). 

(ii) Such chancres may also develop in other parts of the bodv, such 
as lips, fingers, breast, etc., having no connection with sexual intercourse. 
Hence they are called e.xt ra-genital chancres. The infection in 
these cases is obtained from contamination with syphilitic exudate as 
through kissing, the use of infected utensils, towels, etc., or through 
shaving with a contaminated razor. Such cases are of frequent occurrence 
amongst nurses, doctors, dentists and other medical attendants. As already 
mentioned, the organism can hardly survive for a long time outside the 
body and for this reason the occurrence of extra-genital chancres is not so 
common. 

(iii) 1 he disease can also be transmitted congenitally through the 
placenta, particularly by a syphilitic mother. The infection of the hrtus 
usually occurs in the second half of pregnancy. It will be noted that there 
15 no primary stage in congenital syphilis and both the lesions of secondary 
and tertiary stages are mixed up. 

After inoculation, the organisms not only multiply locallv but are also 
carried to the nearest lymph node by the lymphatic current, within a 
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very short time (in less than an hour). 1 hus it will be seen that during the 
early period ol the infection, the spirochetes rapidly get into the blood and 
tissues without, however, producing anv clinical signs of the disease. 

Histopathology :—Whatever may 
be the stage of the disease, the 
histological lesion produced is 
essentially the same. The character¬ 
istic change is the formation of an 
infective granuloma, composed of a 
cellular exudate which consists mainly 
of plasma cells and lymphocytes. 
This is often associated with 
obliterative endarteritis in the vessels 
around the parasitic focus. The 
subsequent course of the lesion will 
depend on the stage of the disease 
in which it is produced. It may lead 
to coagulative necrosis or fibrosis but 
both the processes are often combined. 
The necrotic lesion in tertiary syphilis 
is of the consistency of gum, and 
hence it is called a gumma (Fig. 263). 
As syphilis is a chronic disease, the 
ultimate effect is the formation of 
fibrous tissue which by its contraction 
may lead to scarring and crippling of 
the organ. 

THERAPEUTIC CONSIDERATIONS 

The remedies employed for the treatment of syphilis are the preparations 
ol arsenic, mercury and bismuth all of which are spirochaeticidal. Iodides 
are also used to help the above drugs by removing the necrotic mass and 
thereby exposing the parasites to their action. 

Malaria therapy in general paralysis ol the insane (Wagner—Jauregg, 
iqi()) : —'fhis is one of the fever or pyrogenetic therapies commonly employed 
in cases of (i.lM. and some cases of neurosyphilis where Wassermann 
reaction is persistently positive. The method consists in inoculating benign 
tertian malarial parasites (Plasmodium virax). Usually 10 paroxysms are 
allowed to occur after which they are stopped with quinine. 

Syphilis and marriage 

Marriage is prohibited in syphilitics who are capable of transmitting 
the disease. But it may be permitted to m«-«» hv whom the disease is not 

transmissible. The latter cannot be insir-. ♦mitely unless there is a 

definite standard of cure. If a person rv.. . absolutely free from all 



Fig. 263. 

Ouimmi liver. 
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symptoms for a period of two years following 1 an intensive treatment carried 
over for a period of 2 to 3 years, with several negative VVassermann 
reactions, he may then be relatively certain of cure. It has been staled that 
five years must elapse after infection before the person may be allowed to 
marry. 

LABORATORY DIAGNOSIS OF SYPHILIS 

This consists of the following: — 

1. Demonstration of the causative organism by — 

(a) Microscopical examination 

(i) Dark ground illumination of a fresh specimen . 

(ii) Staining of a smear by diems a’s or Fontana's method. 

(iii) Staining of Treponema in tissues by Levaditi’s method. 

(b) Cultivation 

(i) In vitro — Noguchi’s medium. 

(ii) In vivo—Inoculation into the testis of rabbits. 

2. Serum diagnosis 

(a) I Vassermann reaction. 

(b) Flocculation test — Khan's test, Sachs-deorgi's reaction , 

Sigma reactio)i, Mciniche’s reaction. 

3. Examination of the cerebrospinal fluid in cases of neuro-syphilis. 

4. huetin reaction — An allergic phenomenon. 

Demonstration of the causative organism:— This is only successful 
from the primary sore (genital or extra-genital) and enlarged lymph nodes 
during the primary stage as well as from the cutaneous rashes and mucous 
patches during the secondary stage. It is very difficult or rather impossible 
to demonstrate the Treponemata in the lesions of tertiary syphilis as they art- 
very scanty. They have, however, been found in the peripheral parts of 
gummata in neurosvphilis and eardio-vaseular syphilis. 

Collection of materials:— 

From the primary sore —When, collecting materials, no antisyphilitic 
remedies should be applied to the sore. The purulent material is washed 
with normal saline. The edge of the sore may be gently rubbed with a 
sterile gauze or gently scraped with a blunt scalpel so as to denude the 
surface epithelium, thereby promoting the flow of clear serum. Such a 
specimen is supposed to contain a .considerable number of the organism. 
Material collected in this way eliminates the surface organisms which may 
be confused with Treponema pallidum. It should be noted that the 
saprophytic spirochietes are invariably superficial. If blood exudes, it should 
be wiped away and the clear serum is taken for examination. The* presence 
of blood should be avoided as far as possible, otherwise it obscures the 
Treponemata. 
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The clear serum may be drawn out with a capillary tube, the opening 
of which is held horizontally in the secretion as it oozes out. The tube fills 
by means of capillary attraction. The ends of the tube are sealed by melted 
paraffin. Such tubes may be sent to a distant laboratory and living 
treponemata can be demonstrated even after 14 days or more. 

From enlarged lymph node —Usually the gland is punctured with a 
sterile hypodermic needle and a little juice is aspirated for examination. 

Nature of examination*. —The best result is obtained by examining the 
organism in the living condition under a dark ground illumination and this 
provides a convenient means of rapid diagnosis. The Treponema pallidum 
i> recognised by the following characters: — 

(i) Silvery white appearance. 

(ii) Extreme thinness. 

(iiij Sharp and regular coils, seven of which are equal to the diameter 
of a red cell. 

(iv) Active motility in its own plate without any locomotion. 

Failing dark ground illumination, staining methods may be resorted to. 
When stained by Giemsa’s method, Treponema pallidum is coloured a taint 
pink whereas other saprophytic organisms are stained deep blue. 

Saprophytic organisms which may be present in syphilitic lesions and 
thus cause confusion are the following: — 

(a) In the genital area 

(i) Treponema refriugens. 

(ii) ,, gracile. 

(b) In the mouth 

(iv) Treponema mirrodentium. 

(v) ,, macrodentium. 

These organisms can easily be excluded by proper collection of materials. 
lliey differ from Treponema pallidum in the following respects: — 

1. 'They appear glistening and not silvery white under dark ground 
illumination. 

2. They are coarse, highly refraotile organisms with open spirals. 

3. They are actively motile organisms, moving rapidly across the field. 

4. They are stained easily and take a deep blue stain with Giemsa’s 
stain. 

Serum diagnosis :— This is of no value in the diagnosis of early 
primary stage. The various serum reactions, such as Wassermann and 
Kahn’s flocculation tests, become positi" . ; >/// two weeks after the appear¬ 
ance of the primary sore and become marked during the secondarv 

stage and remain positive throughout .. of the disease. They mav, 

however, diminish during remissions. . anti-syphilitic treatment. It 

should be noted that while treating a v.. ... Kahn’s test remains positive 

longer than the Wassermann reaction ip •>! the cases. As already men¬ 

tioned, the Wassermann reaction thoug' Me is not truly specific as it is 
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positive in other diseases, such as yaws, leprosy, sleeping sickness, glanders, 
malaria and acute miliary tuberculosis. In these cases, Kahn’s test may be 
of value. 

In cases where the clinical evidence is suspicious and the serum 
reactions are negative, a ‘provocative injection ’ of 0*45 gm. of X.A.B. or 
other arsenical preparations may be given and the test carried out one week 
later. By this means a definitely positive result is sometimes obtained. 

Examination of the cerebrospinal fluid: —The various examina¬ 
tions that are carried out are cytological count, globulin test, Lange’s 
colloidal gold test, Wassermann reaction and Kahn’s test. The findings 
in a case of neurosyphilis are shown in a tabular form as compared with a 
normal case. 

Ncurosyphilis. S annul cmsc. 

Cytological count ... ... Lymphoe vtosis 1 5 nils per c. mm. 

(10 to 50 evils or more* 
p«T 1. mm.) 

Globulin test ... X“g;iti\»\ 

Colloidal gold test ... N»giti\<\ 

Wassermann and Kahn’s tests Xigntiw. 

Luetin reaction: —Noguchi observed that like tuberculosis a certain 
amount of hvpersensitiveness exists in syphilis. Intradcrmal injection of an 
extract of culture of Treponema pallidum causes an allergic response in the 
syphilitic person, particularly in the secondary and tertiary stages. The 
positive result is indicated by the formation of a papule or pustule. This 
test is not used for diagnostic purposes owing to the presence of other more 
reliable tests. 

In conclusion , the diagnosis 
of syphilitic infections may be 
summed up according to the 
stage of the disease as follow s : — 

I. Congenital syphilis:— 

Blood of the mother or the child 
is examined for Wassermann 
reaction. In the case of the still 
born foetus, the causative orga¬ 
nism (Treponema pallidum) can 
be demonstrated in large num¬ 
bers, in the liver, spleen (Fig. 264) 
and kidneys bv Levaditi’s method 
of staining. 

II. Acquired syphilis. 

1. Primary stage. Fig. 264 . 

(i) Demonstration of TrcDone- St ‘ rti . m . 1 of a f 101,1 a oase of conurnital 

n . . * syphilis Ktaim»<l by Levadtti’H im'tbod, showing 

ma pallidum from the pri- a large number of T repouvma pallidum 

mary sore and enlarged distributed round an arteriole. 

lymph node by dark ground illumination or staining* of smears by 

Giemsa’s or Fontana’s method. 
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(ii) 1 herapeutic test—Disappearance of the primary sore with 
the administration of mercury and arsenical preparations. 

NOTE:—Scrum diagnosis is of no value in the early stage of the disease. 

2. Secondary stage. 

(i) Demonstration of Treponema pallidum from cutaneous 
rashes and mucous patches. 

(ii) Markedly positive Wassermann and flocculation tests. 

(iii) Therapeutic test—Disappearance of rashes with the ad¬ 
ministration of arsenical and mercurial preparations. 

3. Tertiary stage . 

(i) Positive Wassermann, Kahn's and other flocculation 
tests. In doubtful cases, provocative methods should be 
employed. 

(ii) Therapeutic test—Amelioration of symptoms by anti¬ 
syphilitic drugs. 

NOTE:—Demonstration of the organism from the exudate is not easy 
and convenient. 

4. Quarternary stage or stage of neuro-syphilis. 

(i) A positive Wassermann and Kahn test in the blood. 

(ii) Changes in the cerebrospinal fluid (vide supra). 

NOTE:—Demonstration of the organism is not possible in life. 

TREPONEMA PERTENEUE 

(Castellani, 1905) 

‘The causative organism of yaws. 

Treponema pertencue is morphologically indistinguishable from 
Tr. pallidum. In human beings, it causes a highly contagious disease 
known as yaws or frambeesia tropica. It is essentially a disease of the 
tropics, affecting the dark-skinned races. Like syphilis, it also consists of 
three stages but the primary lesion is extragenital and the secondary stage 
is characterised by fever and peculiar raspberry-like papules. Tertiary 
lesions may follow later but viscera and central nervous system are never 
involved. Yaws is neither congenital nor venereal in origin. The infection 
is obtained by direct contact and the organisms gain entrance through cuts, 
abraded skin or insect bites. Children are specially liable to be attacked. 
Patients suffering from the disease give a positive Wassermann reaction. 
The disease is amenable to treatment with arsenical preparations and one 
injection may suffice to ensure a complete cure. It has been said that the 
patient suffering from yaws is protected against syphilis and it has also been 
regarded by some as a modified form of s\nhilis. It should be noted that, 

in the skin lesions, the organisms are f.. the superficial layer of the 

epidermis and not in the corium, as ir *-s and proliferation of the 

endothelium and perivascular round cell !. .ions are absent. 
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(Spironema recurrentis) 

The spirochicte of relapsing fever. 

The organism was discovered by Obermeier in (he Berlin epidemic of 
1867-68 in the blood of patients suffering from relapsing- fever during the 
febrile paroxvsm. The observation was, however, published in 1873. 

HABITAT: —It i.s a strictly parasitic organism. 

MORPHOLOGY (F ig. 265):—The organism is spiral-shaped and the 
undulations or curves are not closely woven. The coils are more or less open 

and their number varies according to 
the length of the organism, which 
varies from 10 to 30 / a . The thick¬ 
ness is about 0*35 to 0*5 ft. W hen 
seen in the fresh state, the organism 
is actively motile, possessing three 
kinds of movement as described 
before. It shows a cork-screw like 
motility, lateral oscillation and pro¬ 
gression in either direction. Dur¬ 
ing such movements, the curves tend 
to straighten out. In stained pre¬ 
parations, the organism appears 
homogeneous, without any definite 
cellular structure. Sometimes, gra¬ 
nule's (chromatin dots) may be visible* 
at places. It has tapering pointed 
ends, without any flagella. If the 
blood is examined towards the end 
of the paroxysm, the organisms may 
be seen to be aggregated in rosette* 
forms, due to the action of the developing antibodies. The organisms multi¬ 
ply by transverse fission. They art* flexible and, owing to this, they can 
pass through filters which retain the ordinary bacteria. 
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Fig. 265. 

Blood film from a case of European 
relapsing fever, showing a large number of 
Horrelia ohenneieri . At one place, the 
organisms can lie seen to he arranged in a 
rosette form. 


STAINING REACTIONS:— \ ’ide page 531. 

CULTIVATION:—I bis organism, though not strictly anaerobic', yet 
prefers to grow best in reduced oxygen tension. For a successful cultivation, 
about 2 to 5 c.c. of peripheral blood should be taken ascptically during a 
febrile paroxysm and inoculated into Smith-Noguchi’s fluid medium (vide 
P- 53 .l)- Subculture is to be made between the fourth and seventh days. 


SEROLOGICAL REACTIONS: —It has been said that one attac k of the 
disease confers immunity. Antibodies of the nature of agglutinins and 
lysins appear in the blood, which cause clumping and disintegration oi tin* 
organisms. Some of them are phagocytosed bv macrophages and this 
chiefly takes place in the spleen. Inspite of all these destructive influences, 
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some remain latent in the brain and other tissues. Later, when the 
circulating antibodies have decreased, they multiply and cause the first 
relapse. 1 hese resisting iorms evoke another output of antibodies which 
cause a disappearance of the organisms, resulting in crisis and elimination of 
the latter from the peripheral blood. These antibodies, however, are specific 
but inactive against a subsequent relapse strain. 

Other organisms which are associated with relapsing fever differ in 
their serological characters and are therefore regarded as different species. 

ANIMAL INOCULATION:- -The susceptible animals are monkeys, 
white mice and white rats but not rabbits or guinea-pigs. 

PATHOGENICITY:— It produces the disease known as relapsing fever, ’ 
characterised by an incubation period (2 to 10 days), a pyrexial period and a 
period of remission and relapse. Each pyrexial period lasts for about 
5 to 7 davs and is followed by a crisis. The organisms are found in large 
numbers in the peripheral blood just before the crisis but in the interval, 
tliev retire to the internal organs, such as the brain, spleen and the liver. 
After about a week, a relapse occurs but is of much less severity and of 
shorter duration. In this way about 3 or 4 relapses occur. 1 he disease is 
not very fatal, having a mortality of 2 to 5 per cent. 

Mode of infection :— The disease is transmitted by the blood sucking 
insect (Fig. 2bb), Pedicuhis corporis (body louse). The lice become infec¬ 
tive 10 days after biting a patient suffering from relapsing fever. It is 
probable that during this time, the spirocluetes under¬ 
go some sort of developmental changes in the 
stomach of the body louse. Twenty-four hours after 
an infected feed, the organisms can be demonstrated 
inside the stomach but after this time they disappear. 

In about <S to 10 days’ time they reappear in the body 
fluids and are distributed all over the body, including 
the legs and antenna'. When once infected, they re¬ 
main so for the rest of their lives and they even trans¬ 
mit the infection to the second generation. The infec¬ 
tion is conveyed not by the bite of the louse but by the 
contamination of the wound with the excreta of the 
insect or its contents when the latter is crushed by 
the victim during- scratching. 

Other louse-borne relapsing fevers are: — 

(i) Indian relapsing fever—Borrelia carteri . 

(ii) North American relapsing fever—Borrelia novyi. 

(iii) North African relapsing fever Borrelia herherum . 

THERAPEUTIC CONSIDERATION : serum or vaccine has been 

prepared to be of value in relapsing few..e injection of arsenical pre¬ 

parations, however, often prevents relap^. - cures the disease. 



Fig. 266 . 

Pediculus vorporis 
(body louse). 
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LABORATORY DIAGNOSIS 

This consists in demonstrating- the organism in the peripheral blood. 
For this purpose, the latter should be taken during the height of the fever 
and it should be subjected to the following examinations: — 

(a) Dark ground illumination. 

(b) Staining by Leishman's, (liemsa’s or Fontana's method—A very 

thin film should be made for the purpose. 

(e) Culture in Noguchi's medium—This is not usually employed. 

(d) Inoculation into rats or mice—About 2 to 5 c.c. of blood are 
injected intraperitoneally into a mouse or rat. In the mouse, the 
organism appears in the peripheral blood within 24 hours and 
persists for 3 to 4 days and then disappears. These organisms 
may appear during relapses (3 or 4 may follow each other) but 
their numbers are very few. In the rat, the organism appears 
within 40 hours and disappears after 2 days. Relapses are not 
seen in rats. Infected animal survives a long time without any 
fatal result. Spirochietes of relapsing fever may be demonstrat¬ 
ed either bv a microscopical examination of the blood taken from 
an infected mouse or rat or by cultivating the citrated blood in 
Smith-Noguchi’s fluid medium. 

Borrelia (Spinmema) duttoni 
The causative organism of African relapsing fever (Tick fever) 

Dutton and Todd, 1005. 

Morphologically and biologically, this organism resembles Borrelia 
obermeieri but differs from the latter in the following: — 

1. It is transmitted by a tick, Ornilhodorus numbata (Fig. 267). The 
infection is obtained not by biting but by the contamination of the wound 



Fig. 267. 

OrnUhodorus moubata (Tick). 

with the infective excreta and the secretion of the coxal glands of the insect. 
I he insect remains infective for a long period after a meal from an infected 
host and the infectivity may be transmitted to the second generation by the 
female insect. 
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2. 1 he disease produced by Borr. duttoni is .characterised by short 
periods of pyrexia (2 or 3 days), many relapses and very low mortality. 

3. It is pathogenic to monkeys and various laboratory animals, such 
as guinea-pig, mouse and rat. 


B0RREL1A V1NCENTI 


(Spironema 



A -smear of throat >wali from a ease of 
Vincent’s an&rina, showing the spirochwtcs 
and fusiform bacilli. 


vincenti) 

This spirochete is a long delicate 
organism with open irregular curves. 
It is often, found in association with 
a (iram-negative bacillus (Fig. 268), 
Fusiformis dentium (B. fusiformis) 
in the throat of patients suffering 
from the disease known as Vincent’s 
angina. The latter is characterised by 
the formation of a false membrane, 
followed later on by ulceration. 
Fusiformis dentium measures about 
3 to 10 fi, in length, with tapering 
ends. The organism is usually 
straight or curved. It stains readi¬ 
ly a\ ith ordinary aniline dyes, but 
unequally showing a beaded appear¬ 
ance. Both the organisms can be 
cultivated a n a e r ob i c a 11 v. 


LEPTOSPIRA ICTEROHJEMORRHAGIJE 

The causative organism oj infections jaundice (Weil’s disease) 

Inado and Ido, 1914. 

HABITAT: — It is a parasitic organism of rats and field mice. 

MORPHOLOGY: T lie organism measures about 6 to 9 fi in length and 
o'25 fi in thickness. It possesses numerous, perfectly regular, closely wound 
coils which arc 1 so fine that they are not demonstrable in the stained 
preparations except under dark ground illumination. In addition to 
these primary coils, secondary curves may also be seen. The characteristic 
morphological feature of the organism is that one or both ends are sharply 
curved forming terminal hooks, giving the whole organism a resemblance to 
the letter C, S, h or /. This is of great diagnostic importance, differentiating 
it from other spirocluetes. The movement is similar to that of other 
spirocluetes. 

STAINING REACTION :-\ ’ide page 531. 

CULTIVATION:— T lie organism is :u: Tc and grows best at 25 0 to 

3o c C. The optimum pH is about 7 6. ..ritional requirement is simple 

and the organism can thrive in distilh r with a little addition of 

potassium nitrate. The medium used growth of leptospira is 

described on page 533. Subcultures sh< made every 4 to 6 weeks. 
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RESISTANCE: —The L. icterohtcmorrhagiic is very sensitive to acids and 
is rapidly destroyed by bile. In wet, damp soil, they can remain alive lor 
months. 

SEROLOGICAL REACTION: —Protective antibodies, of the nature of 
agglutinins and Ivsins, appear in the blood of patients suffering from tin* 
disease bv the tenth day. These can be demonstrated by guinea-pig inocula¬ 
tion (vide infra). Complement fixing bodies are also present in the immune 
sera, which may be utilised in the diagnosis of coiualescent cases. 

PATHOGENICITY: — The organism produces an acute febrile illness in 
which the patient becomes jaundiced on the fourth or fifth da\ of the 
disease. In severe cases, there is a tendency to haemorrhages from the 
various mucous membranes and the skin. The course of the disease can be 
described as follows: — 

Incubation period —This is usually about 5 to 7 days. 

Febrile singe —This lasts for a period of (> or 7 days and is characterised 
by hit'll fever, muscular pains, congested eyes and albuminuria. 

Icteric stage —This lasts for a period of (> days and is characterised by 
progressive, deepening jaundice with luemorrhages. Death may take place 
during this stage. 

('o)ivalescent stage —There is a gradual subsidence of jaundice and other 
symptoms, with the development of various protective antibodies in the blood. 

Mode of infection: —The organism commonly occurs in wild rats 
(Fig. 269) and field mice which act as carriers of the disease. In these 
animals, Leptospira iclerotucmorrliagiic are present in the kidneys (Fig. 270) 
and are excreted in the urine, contaminating food and water. Infection in 
human beings takes place chiefly through intact or abraded skin, particularly 
in the damp soil in coal mines 
which harbour the leptospira. The 
organism may also gain entrance 
through the nasal mucosa or 
conjunctiva from the water con¬ 
taminated with rat’s urine. 

Fvidences are on record where 
laboratory workers were infected 


Fig. 269 . F i g 270t 

Wild rat, the reservoir ot the organism Leptospira ietorohiemorrhagiu* inside the 

of Weils disease. tubules of the kidney of u wild rat. 
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in the above ways Irom the infected guinea-pig’s material. Infection through 
the alimentary ('anal is not possible as the organisms are destroyed by the 
acid gastric' juice and the bile in the intestine. Thus, the disease is primarily 
one ol the rodents and man is secondarily infected. Infection from man 
may occur but is relatively rare. 

THERAPEUTIC CONSIDERATION: —Injection of antisera obtained 

from horses often reduces the mortality of the disease. It is given in doses 
of 60 c.c. subcutaneously on the first day and then repeated in doses of 
*b c.c. lor 2 or 3 days. In bad cases, the injection may be given intra¬ 
venously. It should be noted that Weil’s disease is the only spirocluetal 
infection which is not amenable to arsenical treatment. 

Prophylaxis: —This consists of proper and efficient drainage and 
exclusion of rats. 

DIAGNOSIS 

This consists of the following: — 

1. Demonstration of the causative organism. 

2. Demonstration of the protective antibodies in the serum. 

Demonstration of the organism: —During the first week of the 
disease, the organisms are distributed throughout the body and can be 
demonstrated in the blood. After the seventh or ninth day, they disappear 
from the blood and appear in the urine, reaching the maximum during the 
third or fourth week. After the fifth week they can rarely be found in the 
urine. Thus, for a bacteriological diagnosis, the blood should be examined 
during the first week, after which the urine. The organism is detected by 
the following methods: — 

(1) Microscopical examination, particularly by the dark field method. 

(2) Cultural examination. 

(3) (iuinea-pig inoculation. 

Blood: —The best way to demonstrate the organism in the blood is to 
inject 3 to 5 c.c. of nitrated blood infraperitoneally into a guinea-pig. This 
leads to an infection of the animal which usually dies in about 7 to 12 days. 
The symptoms are fever, jaundice and htemorrhages. Post mortem, there 
is intense jaundice in the subcutaneous tissues and luemorrhages throughout 
the body. 'File luemorrhagic areas in the lungs occur as small and large 
spots, resembling the ‘wing of a butterfly.’ This is often described as 
characteristic. Spleen is enlarged and congested. The organisms arc 
present in large numbers in the blood and internal organs. Bv Levaditi’s 
method of staining, Leptospira icterohicnwrrhagicc can be demonstrated in 
considerable numbers in the liver where they are situated in the interstitial 
tissues surrounding the liver cells. Instead of waiting for the death of the 
animal, it may be killed on the fourth day when there is a marked rise of 
temperature and a smear examination of blood will show the leptospira. 

Cultural examination may be carrier by inoculating the leptospira 

medium (p. 533) with 2 to 3 c.c. of bk The organisms are searched 
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by the dark field method weekly, at least for 4 weeks. Direct microscopical 
examination fails to detect the organisms as they are rarely present in 
sufficient numbers. 

Urine: —The leptospira is best demonstrated by examining the 
centrifugalised deposit by the dark field method. 'Flu* morphology of the 
organism is much altered, showing a typical and degenerated forms. Injec¬ 
tion into a guinea-pig is often unsuccessful and the results are atypical 
as the organism loses its virulence due to the presence of acid and bile in 
the urine. 

Demonstration of protective antibodies 

1. By protection experiments :— Inj, ction of the patient’s serum and 
leptospira into the guinea-pig prevents the death of the animal, whereas in 
the control, the animal dies of leptospira infection. 

2. B v the phenomenon of bacteriolysis in vivo :—This is based on the 
same lines as Pfeiffer's phenomenon in the case of cholera vibrio. Patient’s 
serum and the leptospira are injected into the peritoneal cavit\ of a guinea- 
pig* and lysis of the organisms is observed under the microscope. 

Reickenbergh reaction (Thromhocytoltarin test ; Adhesion 
phenomenon ):—This reaction is employed for the identification of the species 
of leptospira. When a fluid culture of the Leptospira icterolnnnorrha^hr 
is mixed with its specific antiserum (patient’s serum) and is allowed to be 
acted on for some time (20 minutes), the organisms undergo some altera¬ 
tions which make them adhere to particles, such as blood platelets and 
bacteria. This phenomenon can be observed under the microscope. 

LEPTOSPIRA HEBDOMADIS 

Ido, Ito and Wani, kjiS. 

This organism is the cause of seven day fever in the East and is 
morphologically indistinguishable from Leptospira icterolnemorrhagiie but 
it differs serologically from other leptospiras. It is pathogenic to guinea- 
pigs. A species of field mouse is found to be the reservoir of the organism 
in whose urine it is excreted. The mode* of infection is similar to that of 
Leptospira icterohamiorrhagite. The organism can be demonstrated in the 
peripheral blood of patients suffering from the disease; it also appears in the 
urine in the later stages of the disease. 
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FILTRABLE VIRUSES 

Definition: —It has been already mentioned that there are certain infec¬ 
tive agents which are beyond the range of visibility of the ordinary micro¬ 
scope and their presence can only be demonstrated by the effect they produce 
when inoculated into susceptible animals. J hese agents, owing to their 
minute size, are capable of passing through a porcelain filter and are called 
jilt raffle viruses. 

Types of bacterial filters: —These include the following: — 

1. Berkefeld filter — It has been made into three grades of porosity — 
V (veil) the coarsest, \V (wenig) the finest and X (normal) the intermediate. 

2. Chamberland filter —This has been graded into various sizes and 
numbered i to 13. 

3. Seitz filter —In this, the filter surface consists of a film of asbestos. 
This is made into 3 grades—coarse, normal and special E. K. The disc is 
renewed after each filtration and the old one is discarded. 

4. Collodion filter —This is a membrane filter whose porosity depends 
on the percentage of the solution employed. It has been graded into various 
sizes and is now-a-days used for measuring the size of the viruses. It has 
the advantage of overcoming the fallacies regarding the adsorption pheno¬ 
menon which takes place in the above filters. 

Thus it will be seen that all the filters can be broadly divided into the 
two following groups: — 

(a) Coarse filters which are used only as clarifying apparatus. 

(b) Fine filters which are employed to obtain a bacteria-free filtrate as in 
the preparation of bacterial toxins and also for sterilisation of sera in making 
media. 

Methods of filtration: —The easiest w ay in w hich filtration may be 
accomplished is by suction. The fluid to be filtered is placed on the outside 

of the candle and the suction applied i.. of an exhaust pump as 

shown in the Figure 271. The negaE. . ssure may be estimated by 
attaching a mercury manometer. For ..y purposes, a negative pres¬ 

sure of 200 to 300 mm. of mercury is su‘* 
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Before using tlu* filter candles, they should he tested for flaws and leaks. 
For this purpose, a test organism, such as Scrralia nmrccsccus (B. prodi- 
giosus), is included in the fluid to be filtered and the filtrate is then cultivated, 
both aerobically and anaerobically, to see whether there is any growth. 
If no growth is detected, the filter c andle is perfect. These* candles alter use 
should be cleaned in distilled water with a still' nail brush and then boiled 
in distilled water. "They are finally sterilised in the autoclave and kept ready 
Tor Tuture use*. 

Factors influencing filtration: —It should be noted that the failure of 
a virus to pass through a filter does not necessarily mean that its particles 
are too large. The filtration is a physico-chemical phenomenon and the 
factors w hich influence the process are the f dlowing:— 

(i) 'The type and porosity of a filter. 

(ii) The plasticity of the organism. 

(iii) 'The amount of negative pressure employed. 

(iv) "I'he duration of filtration. 

(v) The temperature at which the filtration is carried out. 

(vi) The amount of protein and other substances present in the solu¬ 

tion. 

(vii) Electrical charge of the virus and the material composing the 

filter. 

(viii) Reaction of the fluid in which the organisms are suspended. 
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Examples of filtrable viruses:— 

Those producing disease in man 


Smallpox (variola) and cowpox 
(vaccinia). 

Chickenpox (varicella). 

Herpes febrilis and herpes zoster. 

Molluscum contagiosum. 

Infective warts. 

Rabies (common also to dogs). 

Epidemic poliomyelitis (Acute 
anterior poliomyelitis). 

Those producing 

Pleuropneumonia of cattle. 

Foot-and-mouth disease (some¬ 
times transmitted to man). 

Canine distemper. 

Hog cholera (Swine fe\er). 


Epidemic encephalitis (Encephalitis 
lethargica). 

Yellow fever. 

Dengue. 

Sandfly fever. 

Influenza (Doubtful). 

Measles. 

Mumps. 

Trachoma. 

disease in animals 

Cattle plague (Rinderpest). 
Sheep-pox and cowpox. 

Psittacosis or parrot fever (Trans¬ 
missible also to man). 


General characters of filtrable viruses :— 

Size: —Although they are ultramicroscopic, they vary in size. Thus, 
the largest form is the virus of pleuropneumonia of cattle, which measures 
017 to 0*2 fi , being just below the range of visibility (0*2 /x). It should 
be noted that the unit of measurement employed for these micro-organisms 
is millimicron ( /x ) which is equivalent to 1 1,000 fx . 

Cultivation: —The filtrable viruses cannot be cultivated in vitro by 
ordinary bacterial methods except the virus of pleuropneumonia of cattle. 
Recently attempts have been made to cultivate some of them (vaccinia 
and herpes viruses) in association with living tissues. It is to be noted 
that colony formation has not been detected. 

Effects of physical and chemical agents: —As a rule, these filtrable 
viruses show increased resistance to glycerine, ultra-violet light and pro¬ 
longed cold. Thus, they can be preserved in 50 per cent, glycerol at 4°C. 
for a long time without any loss of virulence, whereas under such circum¬ 
stances non-sporing bacteria are killed in a short time. They are, however, 
destroyed by moist heat at 55 0 to 6o°C. in one hour. 

Infectivity: —The virus diseases are highly infective and epidemics 
of many of them (measles, influenza, smallpox, foot-and-mouth disease, 
etc.) are very difficult to control even with rigid quarantine. 

Immunity: —Sera obtained from patients convalescent from diseases 
due to filtrable viruses have been found to possess marked viricidal pro¬ 
perties. Such convalescent sera are being used therapeutically in certain 
diseases, such as measles and epidemic poliom wlitis. Thus, a high degree 

of immunity is established in persons sm-.yg the infection and such 

immunity may last for a long or short perl. \ctive immunisation for the 
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purpose of prophylaxis has also been employed against some of these virus 
diseases, such as smallpox, rabies, rinderpest and foot-and-mouth disease. It 
has also been observed that for the proper immunity response, the use of a 
living virus in an attenuated form is essential. 

Cell inclusions :—In many of these virus diseases, when the lesions are 
examined histologically, peculiar structures are seen inside the cytoplasm 
or the nucleus of the cell and they fall under two groups: — 

(a) Elementary bodies —These are supposed to represent the actual 
virus and are best exemplified by the Paschen corpuscles found in smallpox 
and vaccinia, globoid bodies in acute anterior poliomyelitis and encephalitis 

lethargica. 

(b) Inclusion bodies —-These may again be cytoplasmic, c.g., Negri 
bodies in rabies, Guarnieri bodies in smallpox; or intranuclear, e.g., in the 
liver cells in yellow fever and in the epithelial cells in herpes. 

These inclusion bodies are acidophilic in nature and they may be detected 
by Giemsa’s and Mann’s stains which act as useful diagnostic agents. 

As to the real nature of these inclusion bodies, opinions differ and the 
following views are held: — 

1. That they represent some stage in the development of the viruses 
themselves. 

2. That they consist of a cellular product which surrounds the infective 
agent as a mantle or sheath— chlamydozoa (from chlamydos, mantle; zoa, 
animal). 

3. That they are regarded as products of cellular reaction or degenera¬ 
tion induced by the action of the virus. 

Classification of virus diseases 

(Modified from Joseph Fine) 

The diseases produced by lilt t able viruses can be* classified according 
to their mode of transmission and affinity for particular tissues. 

I. Diseases in which the virus is transmitted by an intermediate insect 

host, a dipterous arthropod: — 

Yellow fever. 

Dengue. 

Sandfly fever. 

II. Diseases in which the viruses are transmitted directly. These fall 
under the following groups: — 

t. Dermotropic group , i.e., affecting the skin or mucous membrane 
only. 

Molluscum contagiosum. 

Infective warts. 

Trachoma. 

Foot-and-mouth disease of cattle. 
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2. Neuro-dermotropic group, i.e., affecting the skin and capable of 

affecting the nervous system. 

Variola (smallpox). 

Vaccinia (cowpox). 

Varicella (chickenpox). 

Herpes febrilis and herpes zoster. 

3. Neurotropic group , i.e., affecting the nervous system only. 

Rabies or hydrophobia. 

Epidemic poliomyelitis. 

Epidemic encephalitis or encephalitis lethargica. 

4. Respiratory group, i.e., affecting mainly the respiratory tract. 

Rubeola (measles) and rubella (German measles). 

Influenza. 

Mumps. 

Psittacosis. 

Canine distemper. 

SMALLPOX (Variola) 

Smallpox is an acute, specific, highly infectious disease, characterised 
by high fever and an eruption on the skin and mucous membranes. The 
cutaneous eruption appears usually on the third day of the fever and with it 
the fever shows some remission. The eruption is deep seated and at first 
consists of small red macules passing through the stages of papules 
(first to third day), vesicles (third to fifth day) and pustules (fifth to ninth 
day) and then the eruption begins to desiccate (ninth to seventeenth day). 
When the eruption becomes pustular, there is a secondary rise of fever. 
Occasionally, there may be involvement of the central nervous system. In 
addition to the lesions of the skin and mucous membranes, internal organs 
are often affected. Ledingham has shown that the virus has a marked affinity 
for the reticulo-endothelial system of the body, and is also harboured by these 
cells. 

Apart from this classical or virulent form of smallpox, another milder 
form exists which is called alastrim , commonly met with in Egypt, West 
Indies and Brazil. 

The infection of smallpox has been supposed to take place through the 
mucous membrane of the upper respiratory tract and is obtained bv a direct 
or indirect contact with a patient, 'flic infectivity of a case of smallpox is 
greater when the eruption appears and *»-"»;nns active and persists till the 
scabs have separated. Objects infecU.l the sick person are infective 
and the virus may be transmitted in th»- 'ale through the air. Hence, 

persons attending cases of smallpox a.. an to infect other persons by 

carrying the germ in their clothings ano The average incubation period 

of smallpox may be taken as 12 days. 
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The Causative agent is a filter-passing virus. Inclusion bodies arc 
found inside the cytoplasm of the epithelial cells in the cutaneous eruption 
of smallpox and are named after their discoverer as Guarnieri bodies. The 
infective agent is supposed to be present in these bodies and was at one time 
thought to be a protozoon (Cytorrhycies variola’). Pashchni observed 
minute round coccus-like granules in the lymph of vaccinia and variolaous 
lesions. These were called elementary bodies and were supposed to be the 
virus themselves. It has been further shown that they can be agglutinated 
by specific anti-variolous serum. The virus of smallpox has been cultivated 
in vitro in association with living and growing tissues. It is extremely 
resistant to glycerol (50 per cent.) and prolonged cold but is easily destroyed 
by potassium permanganate in a dilution of 1 in 10,000. 

For the diagnosis Of smallpox, the following laboratory tests have been 
elaborated: — 

(i) Materials taken from the eruptions of smallpox, when inoculated 
into a rabbit’s cornea, produce a characteristic vesicular eruption in 
48 hours, which on histological examination reveals the typical inclusion 
bodies (Guarnieri bodies) in the epithelial cells of the cornea. This is known 
as Paul’s test and is an important distinguishing point between variola 
(smallpox) and varicella (chickenpox). 

(ii) Tntradcrmal test: —-The material from a smallpox vesicle is inoculated 
into a rabbit intradermally. After a short incubation period, a characteristic 
inflammatory reaction occurs which may be avoided by injecting along with 
it the serum obtained from a rabbit hyperimmunised with the vacc inia virus. 

(iii) Flocculation test: —When an extract of smallpox crusts is mixed 
with an antivaceinial rabbit serum and incubated at 37°C\, a finely floccular 
precipitate appears. Such a reaction is diagnostic of smallpox. 

The virus of smallpox becomes attenuated after its passage* through 
calves. This fact was taken into account by Pasteur in the preparation 
of smallpox vaccine. Such a vaccine, when inoculated into human beings, 
produces an active immunity which lasts for a period of 5 to 7 years. Hence, 
to afford continuous protection, revaccination is necessary every 7 years or 
earlier. The best period for primary vaccination is in infancy at about the 
sixth month, avoiding summer months. The serum of a patient recovered 
from the disease possesses marked viricidal properties. It should be noted 
that one attack of the disease often confers a life long immunity. The story 
of smallpox vaccination has already been referred to on page 117. 

The various methods of prophylaxis include isolation of the patient, 
disinfection (formalin appears to be the best disinfectant) and vaccination. 
Of these, the last method appears to be the safest one for prophylaxis and 
during an epidemic, all persons coming in contact with a case of smallpox 
should be inoculated, including the new born babies and even persons who 
have not been vaccinated within two years. Quarantine period for contacts 
is x6 days. 



HERPES FEBRIL1S 


557 


Preparation of vaccine lymph: —Healthy female calves (negative to 
tuberculin test) of 2 to 4 months old are selected for the purpose and a wide 
area on the posterior of the abdomen and insides of the thighs is scarified 
with cowpox virus. Very stringent precautions as to cleanliness should be 
taken. After an incubation period which is about 5 or 6 days, vesicles 
form. The lymph from these is scraped with a spoon after thorough 
washing and removing the crusts. The pulpy mass so obtained contains 
the living virus and is ground up in 50 per cent, glycerol-saline and stored 
in the dark in an ice chest for some weeks. This process of glvcerinisation 
serves to kill all extraneous organisms except the smallpox virus. After 
the glvcerinated lymph has passed the bacteriological tests, it is distributed 
in vials or capillary tubes and issued for use. This vaccine lvmph, when 
kept in the dark and cold, remains efficacious for 3 months. 

Post-vaccinial encephalitis: —Attention has been drawn lately to a condi¬ 
tion of acute disseminated encephalitis or encephalo-myelitis following 
occasionally 10 to 14 days after primary vaccination and sometimes ending 
fatally. The origin of this complication is unknown and there are two 
chief views regarding this. The one is that the condition is due to the 
neurotropic action of the vaccinia virus. The other is that it is due to 
another virus lying dormant and only stimulated into activity by vaccination. 

Cowpox (vaccinia ):—This is closely allied to smallpox, the virus being 
the same. The disease produced in cows is a local one and affects the udder 
and teats from which human beings and other cows may be infected by 
direct inoculation. But in none of them is the disease generalised. It has 
been further observed that persons contracting cowpox are fj^idercd immune 
to smallpox. This fact was utilised by Jenner in the prophylaxis of smallpox. 

CHICKENPOX (Varicella) 

This disease is also due to a filtrable virus which is quite different from 
that of smallpox. It is characterised by fever and rashes which appear on 
the first day of the fever. The eruptions arc more superficial than in smallpox 
and come out in crops, hence they are pleomorphic. The disease is infective 
during the period of the pre-eruptive as well as eruptive stages. The incuba¬ 
tion period of the disease is about 14 to 19 days and quarantine period for 
contact is about 3 weeks. It should be noted that there is a close association 
between the virus of chickenpox and that of herpes zoster, and an attack of 
one disease confers immunity against an attack of the other. 

HERPES FEBRILIS 

The disease is characterised by a slight febrile attack followed by a 
vesicular eruption on the skin and mucous membranes of the nose and mouth. 
It is produced by a filter-passing virus which present in the clear fluid of the 
vesicle. The organism can be cultivate d ... .ificially in association with 
living tissues. Injected into rabbits, it pn- n fatal form of encephalitis. 

The virus has been detected in the huma. .a. Such individuals act as 

carriers. 
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HERPES ZOSTER 

The disease is characterised bv a vesicular eruption along the distribu¬ 
tion of peripheral nerve trunks. The attack is preceded by acute hyper¬ 
esthesia and severe pain. The condition is associated with an inflammation 
of the posterior root ganglia. The causative agent is a filter-passing virus 
and is supposed to be present in a dormant condition in the nervous system 
and roused into activity by some poison or injury. Ftiologically, herpes 
zoster is quite distinct from herpes febrilis. On clinical grounds it is believed 
that the viruses of herpes zoster and varicella are closely allied or identical. 

RABIES OR HYDROPHOBIA 

Rabies is a disease of all mammals, affecting particularly the dogs, 
jackals and wolves. It is communicated to man by the bite or lick of a 
rabid animal. 'Hie infective virus which is present in the saliva of the rabid 
animal comes in contact with a cut or abrasion and then penetrates the skin. 
Rabies is thus a disease of wound infection . f rom the scat of injury the 
virus, like tetanus toxin, reaches the cord and brain through the nerve fibre's. 
Hence bites on areas, such as the face and hands which are richly supplied 
with nerves, are most dangerous. 

In human beings, the* disease manifests itself usually after an incubation 
period of 30 to 60 days. file first and definite symptom of rabies in man 
is the apparent fear of drinking water (absent in rabid dog’s) for which the 
name hydrophobia is given to this disease. This is due to the convulsive 
spasms of the pharyngeal muscles. Later, the* spasms become generalised, 
followed later on by paralysis. Mind, however, remains clear quite up to the' 
end. Once developed, the disease is invariably fatal and death may occur 
at any time through respiratory or cardiac failure. 

The causative organism is a filter-passing virus. It is easily destroyed 
by heat and chemicals but is resistant to glycerol. Attenuation of the virus 
may be brought about by drying in the air over caustic potash or by applying 
chemical agents, such as phenol. The virulence of the infecting agent 
(street virus which is found in the naturally infected dogs) may, however, 
be enhanced by repeated passage through rabbits. In this way a virus is 
obtained, which kills a rabbit regularly in 6 to 7 days and its virulence cannot 
be further increased. Such a virus is known as the fixed virus (“virus fi.\e ^, ) 
and is employed in anti-rabic prophylaxis. It should be noted that the 
virus thus obtained has lost its pathogenicity for dog and man when injected 
subcutaneously. 

Pasteur’s method of anti-rabic prophylaxis consists of daily subcu¬ 
taneous injections of an emulsion of 2 to 3 mm. dried cord taken from a 
rabbit dying with fixed virus infection. These cords are dried for a period 
varying from 3 to 14 days and it has been found that a cord dried for 14 days 
is completely avirulent and deprived of its pathogenicity. For the first 
inoculation, the cord dried for 14 days is used and in succeeding injections, 
cords dried for shorter periods are employed. Until required, the dried cords 
are kept in sterilised glycerine in which the vitality of the virus is preserved 
and in this way its potency can be maintained upto 20 days. 
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Semple has modified Pasteur’s technique. He gave up the drying method 
for attenuation but used carbolic acid instead, which decreases the virulence 
of the virus and ultimately kills it. The advantage of this method is that 
the infecting element is dead and therefore the vaccine will keep well and 
can be used anywhere. The introduction of such a vaccine has greatly facili¬ 
tated the decentralisation of anti-rabic treatment. 

Prophylaxis: —As the disease is primarily one of dogs and jackals 
and secondarily of man, the best way to exterminate rabies is to control 
the above by quarantine and enforcing the muzzling law. After a person is 
bitten by a rabid animal, the part should be thoroughly cauterised with nitric 
or sulphuric' acid as early as possible and anti-rabic prophylaxis instituted 
at once. The long incubation period of the disease offers a chance of carry¬ 
ing out this specific prophylaxis. 

Diagnosis of rabies in dogs:— 

1. From the symptoms: —W hen a dog has bitten any person, it should 
be kept under observation at least for 10 days and if no symptoms develop 
within this period, there* is no necessity for undergoing anti-rabic prophylaxis. 
The symptoms of rabies in dogs are change of temperament in the early 
stages, restlessness and a tendency to run long distances. The animal 
becomes paralysed before death. Because of madness, the term rabies is 
applied to this disease. 

2. From the presence oj Xegri bodies in the central nemms system :— 
Eor this purpose, the animal is killed and the head or brain is sent to the 
laboratory for examination. Pieces of tissue are taken from the hippocampus 
major, cerebellum and cerebral cortex. Smears are made by squeezing a 
portion of tin* tissue* between two slides and stained with Giemsa’s or Irish¬ 
man's stains or by Mann's method. Tissues may be fixed in formalin for 
histological examination. It should be* noted that Xegri bodies are difficult 
to demonstrate in the* decomposed brain. Hence* the material is to be sent 
immediately after the animal is killed and when sent to a distance it should 
be sent in glycerol or packed in ice. 

3. By animal itnn'iilation: —Emulsion of the brain tissue is prepared 
in sterile* saline and 0*25 c.c. of the emulsion is inoculated subdurally into 
a rabbit, 'file* typical symptoms of rabies are developed 14 to 2 1 days after 
inoculation. Though it is a certain method, it requires much time and 
therefore is of no value* in deciding whether or not specific therapy for pro¬ 
phylaxis should be carried out. To give a negative diagnosis, the inoculated 
animal should be watched for 2 months and if possible for ,6 months. 

Negri bodies (Fig. 272).—These are round or oval bodies, measuring 
usually about 3 to 10 /z in diameter. They stain pink with Romanowsky’s 
stains. They are found as inclusion bodies mdde the cytoplasm of the cells of 
the central nervous system of rabid animd 1 ..1 specifically abundant in cells 

of the hippocampus major and Purkinjee.. the cerebellum. They were 

first described by Negri in T903 and amed after their discoverer. 

Though much controversy has taken pla. • «> the nature of these bodies, 
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Fig. 272. 

Section of hippocampus major from a i*al>i<i 
showing nerve cell* containing Negri b 
inside their cytoplasm. 


whether they are the specific liv¬ 
ing parasites themselves or sim¬ 
ply degenerated cell products, it 
has been proved beyond doubt 
that their occurrence is a specific 
feature of rabies. In conse¬ 
quence, demonstration of Negri 
bodies in the brains of suspected 
animals forms the most rapid and 
accurate method of diagnosis. 

EPIDEMIC POLIOMYE¬ 
LITIS 

(Acute (Ulterior poliomyelitis, 
Infant He paralysis, H eine-Medin 
disease) 

This is a disease chiefly of 
children. The virus affects the 
^ central nervous system \\ itli 
localisation chieflv in the anterior 


horn cells of the spinal cord. 
The chief histological change is an acute inflammation with hypenemia and 
perivascular cell infiltration. The causative agent is filtrablc and is present 
in the saliva and nasal secretions. Infection is obtained by droplet methods 
directly from a carrier who harbours the organism in his nose and naso¬ 
pharynx. The portal of entry is the upper respiratory tract and the virus 
enters the brain and the cord directly through the olfactory nerve fibres. 
The disease may be transmitted to higher apes and monkeys. One attack 
of the disease gives complete immunity for the rest of the life. Serum 
obtained from convalescent patients possesses viricidal properties and is 
employed with success in the treatment of the disease during pre-paralytic 
stage. For this purpose, 30 to 60 c.c. of the serum may be injected intra¬ 
venously or intrathccally or by both routes. 


EPIDEMIC ENCEPHALITIS (Lethargic encephalitis) 

The disease is due to a filter-passing virus and is characterised by an 
acute febrile illness with involvement of the upper part of the nervous 
system (cerebrum, basal ganglia and the brain stem). The disease is pre¬ 
valent in the mid-period of life. The infection is obtained by the droplet 
method from healthy carriers and persons in pre-symptomatic stage. The 
portal of entry is the upper respiratory tract and the virus gains access into 
the nervous system through the peripheral nerve fibres. 

Once the germ is introduced inside the nervous system, it is "virus on 
cage” and does not come out regularly in the saliva as in rabies or in the 
skin as in herpes. The disease may be experimentally transmitted to 
monkeys. 
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YELLOW FEVER 

Yellow fever is a disease of tropical and subtropical countries, being 
particularly prevalent in America and Africa. At present it is unknown in 
India and the question has been raised as to the possibility of the disease 
being introduced into this country owing to the rapid transport by aerial 
route. The causative agent is supposed to be a filter-passing virus. The 
disease is characterised by high fever, great prostration, bradycardia, ten¬ 
dency to haemorrhages and jaundice. It is a very fatal disease, death 
occurring on about the fifth or sixth day of the illness. Infection is conveyed 
by a blood sucking intermediary, Aedes ccgypti (Stegomvia fasciata). In 
order that the insect may become infective, it must feed on the patient dur¬ 
ing the first 3 days of the illness and after a period of 12 days, it is capable 
of transmitting the disease to another victim. Excepting the monkey, 
Macacus rhesus, no other laboratory animals can be infected with the 
virus. Both in man and monkeys, acidophilic inclusion bodies have been 
detected in the nuclei of the liver cells. The organism has not yet been 
cultivated. Patients recovering from the disease obtain a life long immunity 
and the serum of patients convalescent from the disease possesses marked 
viricidal properties and therefore may be employed for passive immunisation. 
Active immunisation has also been tried with the emulsion of infected liver 
or the spleen, the virus being killed by phenol or formalin. The best way 
to control yellow fever is to attack the breeding places of Aedes ccgypti. 

DENGUE FEVER 

The disease is characterised by fever, severe joint pains, backache, 
headache and aching eyes, a measly roseolar rash on the third or fourth day 
of the disease and leueopenia. After 2 to 3 days, there is some remission 
of the fever but the temperature again rises, producing a saddle back tem¬ 
perature chart. The causative organism is a filter-passing virus and is 
transmitted by Jei/es ccgypti . Like yellow fever, the patient is infective to 
the mosquito during the first three days of the illness and 12 days must 
elapse before the insect can transmit the disease to another victim. But 
once infective, the mosquito will remain so for the rest of its life. The 
prevention of the disease lies in the destruction of the insect vector, Aedes 
ccgypti. 

SANDFLY FEVER 

This is an acute specific disease characterised by fever of 3 days’ dura¬ 
tion, bradycardia and leueopenia. The disease is not fatal. It is trans¬ 
mitted by Phlehotomous papatassi which becomes infective 7 or 8 days 
after feeding on a patient. Once infected, it remains so for life. One 
attack generally confers a life long immunity. The best method of pro¬ 
phylaxis is to guard against the sandfly. 

MEASLES (Rubeola) 

Measles is an acute infectious e\...matous disease of children, 
characterised by fever, catarrh of the upp.piratory tract with a tendency 
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to pulmonary complications (Streptococcal broncho-pneumonia) and a papu¬ 
lar eruption on the skin on the fourth day of the lever. I he causative agent 
is a filter-passing virus but it has not yet been actually identified. It is 
present in the nasal and nasopharyngeal secretions and infection is obtained 
directly from a patient during the first four days of the disease, i.e., before 
the rash appears, after which the infectivity declines. The incubation 
period is about t) or 10 days. Serum obtained from a patient convalescent 
from the disease (the most potent serum being obtained on the sixth to the 
ninth dav after defervescence), when injected intramuscularly into suscep¬ 
tible children, produces an effective passive immunity of short duration 
(one month). The average dose is 5 c.c. lor a child. Such sera may also 
be used therapeutically. It should be noted that when measles follows 
serum prophylaxis, the eruptions fail to appear at the site of the injection. 
This is known as the Dehre phenomenon. Ouarantine period for a measles 
case is about 14 days. 

Rubella (German measles)—The disease is quite distinct from measles 
and is also due to a filtrable virus. It has a long incubation period, usuallx 
17 or 18 days. There is a short catarrhal stage and the eruption appears 
within 24 hours. Koplik’s spots which are found in the mucous mem¬ 
brane of the mouth in cases of measles are not found in rubella. 'There 
is a very marked enlargement of the Kmphatic glands. 

MUMPS (Epidemic parotitis) 

It is an acute infectious disease, characterised by lexer, swelling of the 
parotid and other salivary glands and sometimes In a complication of 
orchitis. Infection is obtained directly from a patient. The organism is 
supposed to be a filter-passing virus and is present in the* saliva. It gains 
entrance into the salivary glands by wax of their din ts. 

PSITTACOSIS (Parrot fever) 

This is primarily a disease of parrots and other birds and man is onlv 
secondarily infected. In human beings, the disease is characterised bv a 
tvphoid-like fever xxith pneumonic complication, which often ends fatallv. 
Until recently it was supposed to be due to a Gram-ncgatixe bacillus 
(S. psittacosis), belonging to the Salmonella group. It is now proved to be 
due to a filter-passing virus. Klementary bodies have also been observed 
in this disease, which art* found inside the rcticulo-endothclial system. Tliev 
are agglutinated specifically by anti-psittacosis scriyn and actuallv represent 
the virus. 

FOOT-AND-MOUTH DISEASE 

It is an acute contagious disease, occurring in nature* amongst clovcn- 
footed animals, chief of which art* cattle, sheep, pigs and goat:*. 'The 
disease is characterised by the appearance of \esicles in th* ft ‘ 4 

membrane of the mouth, hence the name. Th disease is occasional!v trans 
mitted to human beings. The virus is filtrable and has been cultivated 
artificially. 
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RICKETTSIA BODIES 

'This name is attached to a group of minute organisms which are not 
filtrablc but closely related to bacteria. They are found in large numbers 
in the alimentary ('anal ol some blood sucking insects, such as lice, ticks 
and bugs. Some of them are definitely related to the causation of certain 
animal and human diseases. The human diseases produced by these 
organisms are the following: — 

'lyphus lever caused by Rickettsia prowazeki, transmitted bv lice. 

'french fever caused by Rickettsia quintanu f transmitted bv lice. 

Rocky mountain spotted fever caused by Rickettsia rickettsi, trans¬ 
mitted by tick (I)ermacentor venustus). The disease is pre¬ 
valent amongst wild rodents. 

Morphology mnl staining: - Rickettsiae are small organisms, measuring 
about o’} to 0 5 /x, and appear like small cocci. Bacillary forms mav also 
be encountered. They are arranged usually in pairs but may occur singly 
or in clusters. They are non-motile organisms. With ordinary aniline 
dves, they stain poorly but best results are obtained with (iiemsa’s stain 
when they appear purple. They are all (iram-negative. 

None of the pathogenic species have been cultivated in vitro apart 
from the fixing ('ells. 

TYPHUS FEVER 

Rickettsia prowazeki (Rocha-Lima , njib) is the causative organism 
of tvpluis fever. It is named in honour of the persons who were victims 
of t\ phus fi ver and died while investigating the disease. The latter is 
characterised b\ a sudden onset of high fever with severe prostration and 
an e\tensi\e petechial eruption which appears on the fifth day of the 
disease. The* temperature is of a continuous type and terminates by crisis 
on the fourteenth dav. Typhus fever is transmitted by the louse, Pedicu- 
lus Juunanus (corporis and capitis). In the alimentary canal as well as 
inside the epithelial ('ells of the insect, rickettsia-like bodies are seen. The 
lice become infective from i) to 12 days after /ceding on a patient and 
remain so for the rest of their lives and even pass on to the next generation, 
file infection takes place by the contamination of the lice’s excreta during 
scratching. Thus the disease appears to be closely associated with a filthy 
condition. It mav be communicated to anthropoid apes, monkeys and 
guinea-pigs. The latter animal may be infected by injecting intraperi- 
toneallv 2 to 5 c.c. of blood from a patient taken on the seventh to the 
twelfth day of the disease. 

Serum of patients suffering from Uplius fever develops the power of 

igglutinating Proteus X (vide pag«.and this agglutination reaction 

which is employed as a diagnostic im: known as Weil-Felix reaction . 
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NORMAL BACTERIAL FLORA OF THE HUMAN BODY * 

Alimentary tract:— 

Mouth 

1. Staphylococci. 

2. Streptococci of the </-h;emolytic type. 

3. Lactobacilli. 

4. Spore-bearing aerobes. 

5. Organisms of the coliform group. 

6. Proteus group. 

7. Spirochetes (Treponema microdentium, Treponema macroden- 

tium). 

It is to be noted that septic infections in the mouth are relatively rare 
and are due to the following reasons: — 

(a) Flushing action of salivary secretions. 

(b) Remarkably good blood supply of the mucosa of the mouth. 

(c) Suction currents which draw bacteria directly backwards into the 
oesophagus. 

Gastro-intestinal tract:-- The bacterial flora varies with food and age. 
At birth —Sterile; infection occurs through food. 

Infants when breast-fed :— 

1. Bacillus bifidus (9 <j% in early weeks, C'ruickshank). 

2. Enterococci. 

3. Organisms of the colon group. 

Infants when bottle-fed :— 

1. Lactobacillus acidophilus. 

2. Enterococci. 

3. Organisms of the colon group and spore-bearing group. 

Bacillus ( Bacteroides) bifidus is uncommon. 

ADULTS:— 

Empty stomach —Jterile; because of normal acidity. 

Duodenum and upper jejunum —Very few organisms, which consist 
chiefly of Enterococci. 

Lower part of the jejunum and ileum —Numerous organisms arc found, 
such as 

1. Enterococci. 

2. Staphylococci. 

3. Sarcinae. 

4. Yeasts. 

5. Lactobacilli. 

♦Abridged from Topley and Wilson’s "The principle of bacteriology and immunity " Vol. 11. 
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Large intestine :— 

1. Organisms of the colon group (Escherichia coli, Acrobacter 

jerogenes, etc.). 

2. Enterococci. 

3. Staphylococci. 

4. Clostridium welchii, Clostridium tetani (spores). 

5. Lactobacillus acidophilus. 

6. Spirocluetes. 

7. Yeasts. 

Less frequent organisms are: — 

X, Proteus bacilli. 

(). Pseudomonas aeruginosa. 

10. Klebsiella pneumonia?. 

11. Bacillus subtilis, Bacillus inesentericus. 

Respiratory tract :— 

1 ’cstihith and anterior part <>] the nasal fossa -:— 

1. Staphylococci. 

2. Diphtheroid bacilli. 

I he remaining part of the nasal fossae is practically free from organisms 
and is due to the following reasons: — 

(a) Anatomical structure of the nose. 

(h) Mechanical action of the mucosa and ciliated epithelium. 

(c) Presence of a lytic agent, lysozyme (p. 111), in nasal secretion. 

(d) Auto-sterilising power of the nasal mucous membrane. 

. 1 ccessnry nasal air sinuses are normally sterile. 

.Y asnpharyn x :— 

r. (iram-negative cocci (Y. sicca, X. catarrhalis, etc.). 

2. \on-h:emolytic streptococci. 

3. Diphtheroids. 

4. 1 hemophilus influenza*. 

5. Diplococcus pneumonia* (Type IV). 

Oropharynx —This part is common to the alimentary and respiratory 
tracts. Its bacterial flora is the same as that of the nasopharynx. 

Ijarynx, trachea, bronchi, finer bronchioles and alveoli of the lungs are 
normally sterile. There is no permanent bacterial colonisation of the 
tracheal and bronchial mucosa and this is because of the following:—- 

(a) Tortuous nasal passage acting as an efficient filter. 

(b) The organisms being removed by the cilia of the lining 

epithelium. 

(e) The organisms being caught up in the mucous secretion arid 

subsequently expectorated. 

(d) The organisms are removed the lymphatics to the regional 
lymph nodes. 
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Female genital tract :— 

New born children:— 

V ulva —Sterile. 

V a gi 11 a —S t e r i 1 c. 

Adults :— 

Vulva :— 

1. Streptococcus viridans. 

2. Staphylococcus epidermidis. 

3. Diphtheroids. 

4. Enterococci. 

5. Sarcina*. 

6. ClalTkya titraijcna. 

7. Organisms of the colon <p*oup. 

8. Mycobacterium sme^matis. 
c). Fusiform bacilli. 

10. Spirochetes. 

Vagina :— 

Upper one-thire!—Sterile. 

Lower two-thirds— 

1. Doderlein's bacillus. 

2. Escherichia coli. 

3. Enterococci. 

I’lcnts and Fallopian luhrs - -Sterile. 

External genitalia of both sexes :— 

1. Staphylococci. 

2. Diphtheroids. 

3. Mycobacterium sme^matis. 

4. Spirochetes (Treponema refrin^ens, Treponema ^racile), 
Urinary bladder— -Sterile in health. 

Skin :— 

1. Staphylococci. 

2. Diphtheroid bacilli. 

Deeper layers of the skin , sweat glands and hair follicles: 

1. Staphylococcus epidermidis. 

2. Corynebacterium acnes. 

External ear :— 

1. Staphylococci. 

2. Diphtheroid bacilli. 

3. Neisseria flava. 

Conjunctival sac :— 

1. Staphylococci. 

2. Corynebacterium xerosis. 
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STAINING OF BACTERIA IN TISSUES 

Fixation: I hill piwcs of tissues are put in Zenker’s fluid for 12 to 24 

hours and then washed thoroughly in running water for 24 hours. They 
are then preserved in 70 per c ent, alcohol until used. 

Zenker’s fluid:— 

Pot. bichromate 
Hydrarg. perehlor 
Water 

Before use, add 5 e.e. ol glacial acetic acid to each 100 c.e. of the 
11 uid. 

Paraffin embedding: -Small pieces (3 to 5 mm. thickness) of 
previously fixed tissue are taken and allowed to pass through the follow¬ 
ing:— 

1. Rectified spirit—24 hours. 

2. Absolute alcohol—24 hours. 

3. Absolute alcohol with anhydrous copper sulphate—24 hours. 

4. Xylol, cedar wood oil, ( love oil or terpincol till (dear. 

5. Paraflin, one change for 2 hours. 

0. Paraflin, second change for 2 to 3 hours. 

The tissue is then blocked and sections cut in the usual way. For 
this method, sections should not be more than 3 to 6 /a thick. 

Removal of Zenker and paraffin :— 

1. Xylol, one change— iu minutes. 

2. Xylol, second change —10 minutes. 

3. Absolute alcohol, one changc--io minutes. 

4. Absolute alcohol, second change—10 minutes. 

5. Rectified spirit—5 minutes. 

(>. 70 per cent, alcohol —5 minutes. 

7. Running* water—10 minutes. 

S. Iodine solution (l.ugoPs)—10 minutes. 

(). Running* water—a tew seconds. 

10. Rectified spirit—3 minutes. 

11. Running' water—10 minutes. 

12. o*5°<> sodium hyposulphite solution—5 minutes. 

13. Running water—10 minutes. 

14. o'2S l 'o potassium permanganate solution—10 minutes. 

13. 3‘o oxalic acid solution—20 minutes. 

](>. Running water—10 to 13 minutes. 

The section is now ready for staining*. 

Staining of Gram-positive organisms in tissues 
Gram-Weigert method:— 

Tissues are fixed in Zenker’s flue’ paraffin sections are employed. 
Remove Zenker and paraffin as d. .d before. 


2-3 gms. 

5 to 8 gms. 
100 c.c. 
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Stages: — 

1. Stain lightly in alum haematoxylin. 

2. Wash in running water. 

3. Put 4% aqueous solution of eosin and allow to act for 5 minutes 
to half an hour or dilute carbol-fuchsin (1 in 10) for not more 
than £ minute, preferably less. 

4. Wash in water. 

5. Put aniline or carbol methyl violet and allow to act for 5 to 20 
minutes. 

6. Wash off with water. 

7. Put Lugol's iodine and allow it to act for 1 to 2 minutes. 

8. Wash off with water. 

9. Blot thoroughly and decolourise with several changes of 
aniline-xylol. Repeat blotting, if necessary. (Aniline-xylol is 
prepared by mixing equal parts of aniline oil and x\lolj. 

10. Wash off' with xylol. 

11. Mount in Canada balsam or xylol-colophonium. 

Aniline methyl violet :— 

Saturated alcoholic solution of methyl violet ... ... ... 10 i.c. 

Aniline water (aniline oil—5 parts, water—<>5 parts; shake tlmmughlx 

and filter the milky fluid) ... ... ... ... .S4 i.i, 

Pappenheimer’s method of staining Cram-positive and Cram- 
negative organisms in tissues (modified by the senior writer): — 


Tissues should preferably be fixed in Zenker's Fluid. 
Stages :— 


1. Stain section in Sterling's gentian violet for 5 to 15 minutes. 

2. With or without washing, pour Cram’s iodine and allow to act 
for 1 to 2 minutes. 

3. Wipe off excess of iodine solution all round the section and 
then decolourise with aniline-xylol to a pale violet colour. 

4. Wash off with absolute alcohol quickly and put the section in 
water. 

5. Counterstain with 0*5% saffranin or rV» acidulated neutral 
red or dilute carbol-fuchsin solution for 1 minute. 

6. Wipe off the stain all round the section. Blot thoroughly. 
Complete dehydration with absolute alcohol as quickly as 
possible. If necessary, blotting may be repeated. 

7. Clear with xylol and mount in Canada balsam. 

Acidulated Neutral red solution :— 


Neutral red 
1% Acetic acid 
Distilled water 


1 grin 

2 c.c. 

1 ,(KK) C.C. 


Sterling's gentian violet :— 
Gentian violet 
Alcohol 
Aniline 
Water 


5 K rms - 
10 c.c. 

2 c.c. 


88 c.c. 
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A very simple and useful method for staining bacteria in tissues 
I’oiind to be very convenient and satisfactory by the senior writer. 

't issues should be fixed in Zenker’s fluid and sections must be thin 
and uniform (Paraffin sections). 

Sl<n k solutions :— 

Thinnim* ... ... ... ... 1 gram, 

snlutiuii of carbolic aci»l in dislillcil \vat»*r ... nut c.c. 

Ini slainin :— 

I ak<- slot k solution ... ... ... ... 1 part. 

I >i st i 11* f 1 water ... ... ... ... 3 parts. 

Mix \\»|| and fill• t Irion* use. 

Slum's :— 

1 . Stain sections in the dilute stain for jo to 75 minutes. 

2. Wash in water. 

3. Carefully differentiate in a bowl of water acidulated with a drop 
of acetic acid. 

3. W ash thoroughly in several changes of water. 

5. Blot well and then quickly dehydrate with absolute alcohol, 

clear in xylol, and mount in Canada balsam. 

Staining of acid-fast organisms in tissues 

Slu g cs: - 

1. Stain sections (paraffin sections) with hot carbol-fuchsin for 
15 to jo minutes. Sections may also be kept immersed in the 
stain in a cylindrical jar in the paraffin oven overnight. 

j. Wash in water. 

3. Decolourise in ju u „ sulphuric acid (5 r V> for M. h-pric). 

4. Wash well in water. 

5. Counterstain with methylene blue, brilliant green or malachite 
green for half to one minute. 

(). W ash in water. 

7. Blot thoroughly and dehydrate with absolute alcohol. 

S. Clear in xylol. 

(). Mount in Canada balsam. 

In carrying - out this stain, handling' must be very gentle otherwise 
the section is apt to get dislodged from the slide. 

Staining of Spirochcetes in tissues 

LevaditPs method (Original): — 

j. Fix sections (1 mm. thick) in io"> formalin for 2 4 hours. 

2. Wash in water for one hour. 

3. Place in L) 6 %-yS°o alcohol for 24 hours. 

4. Put in distilled water until the pieces sink. 

5. Transfer into a dark bottle containing 1*5 to 3% silver 
nitrate solution and keep • •* "c incubator at 37°C. for 
3 to 5 days. 

6. Wash in distilled water for h- 


hour. 
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7. Put in the reducing- mixture (Pyrogallio acid—4 gins., formalin 
—5c.c., water—100 c.c.) for 48 hours at room temperature. 

8. Wash well in water. 

9. Dehydrate in increasing strengths of alcohol and clear in xylol. 

10. Embed in paraffin. 

11. Cut thin sections and after removing the parallin with xylol, 
mount in Canada balsam. 

Dobell's method:— 

1. Fix tissues in 4% formaldehyde for i to 3 days; it may be kept 
in this solution indefinitely before being stained. 

2. Transfer to 95 % alcohol and keep it for 24 hours. 

3. Pass through decreasing strengths of alcohol to water. 

4. Put in 0*25 to o'5‘o silver nitrate solution in distilled water in the 
dark at 37°C. for 18 to 24 hours. 

5. Wash in distilled water till it is free from silver nitrate*. 

6. Put in 05 to 1 ° 0 solution of hydroejuinone in 50",, alcohol for 
18 to 24 hours at room temperature. 

7. Wash in 70% alcohol, dehydrate* and embed in paraffin in the 
usual manner. 

8. Cut sections, remove the parallin with xylol and mount in Canada 
balsam. 

Jahnel'a method:— 

1. l ake formed fixed tissues of 2 te> 4 mm. thickness. 

2. Wash in water for 1 to 3 days. 

3. Place in pure pyridin for 1 to 3 days. 

4. Wash in many changes e»f water from 2 to 3 da\s till all pyrielin 
disappears. 

5. Allow te> remain for a few days in 3 to 10",, formaldehyde. 

6. Wash again thoroughly in water. 

7. Put in 1% uranium nitrate (Merck) solution in distilled water for 
half to one hour in the incubator at 37°C. 

8. Wash in distilled water for one day. 

9. Alknv to remain in 96% alcohol for 3 to 8 da vs. 

10. Wash out in distilled water in til the block sinks. 

11. Place in freshly prepared 1*5% silver nitrate* solution in an amber 
coloured bottle for 5 to 6 days in the incubator at 37°C. 

12. Decant the silver nitrate solution and wash quickly in water. 

13. Transfer it to the following solution and allow to remain for 

1 to 2 davs. 

(;i) Pyrogallol ... 90 c.c.') Decant 15 c.c. of this solution and replace 
Acetone ... 10 c.c. ; it with pyridin. 

or (b) q% aqueous solution of pyrogallol ... ... <>5 c.c. 

Formaldehyde ... ... ... 5 c.c. 

14. Wash out in distilled water; embed in parafliin in the usual 
manner. Cut thin sections, remove paraffin with xvlol and mount 
in Canada balsam. 
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Staining of Negri bodies 

1. Fix one piece from the Hippocampus Major in Sansotn’s fluid :— 

Absolute alcohol ... ... ... 65 c.c. 

Glacial Acetic acid ... ... ... 5 c.c. 

Chloroform ... ... ... 30 c.c. 

Add Hydrarg. perchlor crystals to saturation. Then pass through alco¬ 
hol, iodine in alcohol (for Hg.) and xylol; make blocks and section. 

Mann’s stain:— 

Rosin 1 Vo (.'iqiifMUis) ... ... ... ... ... 35 parts. 

M« thyl 1 Vo (at)in oils; ... ... ... 45 parts. 

Water ... . . ... ... ... iw parts. 

Stain for 2 to 12 hours. 

Rinse in water and wash in pure alcohol. 

Then put in differentiating fluid (absolute alcohol, 60 c.c. and 1% NaOH 
in absolute alcohol, 10 m.) until the section becomes ied. 

Wash out NaOH thoroughly in pure alcohol. Then leave for 2 or 3 
min. in acidulated water (1 or 2 minims of glacial acetic acid in 16 ounces 
of water). 

Then pass through pure alcohol and x\lol. Mount in Canada balsam. 

( Sole —Mcthxl blue must be insoluble in pure alcohol. The tinging 
must be* so performed that the chromatin becomes dark blue and Negri 
bodies bright red). 

2. Smears from the Hippocampus Major are fixed with Methyl alcohol 
for two minutes and then stained in the following solution for two minutes:— 

2 c.c. stock methylene* blue. 

0*3 c.c. stock basic luchsin. 

30 c.c. of distilled water. 

Wash in water and dry. 

Sections also may be stained with the same stain in the same way. 
Stock solution :— 

I. Weigh out methylene blue*, 1*5 gm., place in a stoppered bottle of 
150 c.c. capacity and add 100 c.c. of (jo c o alcohol. Allow alcohol to remain 
in contact with the dye for 2 hours, shaking vigorously every few minutes. 
Filter. 

II. Weigh out basic fuchsin, 3*5 gins, and proceed as before. 

Smears and sections are also stained >. AIemsa\s stain (1 in 20 dilu¬ 
tion) overnight. Differentiating fluid, as ^’s technique, is sometimes 

used after staining overnight. 

For Haematoxylin-Eosin method, 1% 1. - \ylin in 5% carbolic lotion 

is recommended. 
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BACTERIOLOGY OF WATER 

Introduction: —With the increasing emphasis on the preventive aspect 
of modern medicine and the growing demand for protected water supply, 
bacteriology of water is gaining importance every day. 

All natural waters contain bacteria, the variety and number of which 
mav differ according to localities and other varying conditions. 

The gross appearance of water is often misleading. Perfectly clear 
water from wells may be* contaminated from neighbouring cess-pools while* 
turbid water of running streams in thinly populated areas may be* quite sale*. 

Sources of contamination :— 

Atmosphere :—This alwass contains a varying- number of micro¬ 
organisms in suspension, tlu* germ population being larger in crowded 
cities than in the open country. These bac teria contaminate the* rain water 
which drops from the c'louds. As a rule, however, such a pollution is neithe r 
very serious nor of any practical importanc e, as far as health is c'one'crncd. 
In the air, there are hardly any pathogenic' micro-organisms and even these 
arc also rapidly killed when exposed to direct sunlight, particular!} in the 
tropics. 

Soil :—This forms one of tlu* most important sources of contamination. 
There is a wide range* of bacteria which are normally present in the* soil and 
which are called soil-bacteria. Besides these*, a large* variety of other 
organisms is also present in the* soil where* animal and vegetable* matters 
are decomposing. Gardens, agricultural districts, manured soil, etc ., are 
very rich in this respect. When rain-water flows through the* soil, it washes 
away these materials and thus becomes \cry heavily polluted. In this 
respect, the water which flows over the surface* is very much worse* than 
that which passes through deeper strata. 

Animat and human excreta :—This is the* most serious of all bacterial 
pollutions as pathogenic micro-organisms may contaminate the* water through 
this agency. The dejecta may be actually voided in the water or may reach 
the water through surface washings. Examples of suc'h a pollution may be* 
seen in rivers flowing through big c dies and mill areas. The w ater become s 
heavily contaminated not only through the drainage washings but also 
through the sewage outfalls. Ponds, tanks, shallow wells, and other collec¬ 
tions of surface water are also polluted by washing contaminated garments 
and fomites. 

The greatest danger to man is to be found in a sample of water which 
is contaminated with human excreta, i.e., fa?ces, urine and sputum. There 
is very little risk from water polluted with animal excreta as very few of the 
infections of the lower animals can be transmitted to man. Water polluted 
with organic matter of plant origin and with small amounts of inorganic: 
substances in solution is hardly dangerous to man, as far as health is con¬ 
cerned. 
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Classification: — Tin* bacterial flora of water may be broadly divided 
into four classes: — 

1. Natural water bacteria — These are usually derived from the air 
and dust as well as from the soil through which the water has passed. 
These are mostly motile bacilli which are divided into liquefiers and non- 
liquefiers of gelatin, chromogenic bacteria and also sarcinae and micro-cocci. 
It is rare to find sterile water in nature. Usually, river and well waters 
contain natural water bacteria. 

2. Soil bacteria:— B. mycoules, B. subtilis , B. meseniencus, some of 
the thread bacteria (e.g. Cladothrix dichotorna), etc. These are found in 
lakes and surface waters and die out rapidly in fairly clean water. 

3. Intestinal bacteria: —(1) Colon group of bacilli, (2) Streptococcus 
fa'calis (Enterococci), (3) spore-bearing anaerobes, c.g. CL welcliii, 
( 1 . sporogefies. These are not dangerous by themselves when found in 
water but their presence indicates excretal pollution. In routine procedure, 
,; M'herichia coli alone is taken as an evidence of fa*cal contamination. 

4. Pathogenic bacteria — Eherthcllu iyphi, Salmonella paratyphi, 
Salmonella scliottmiilleri , Eherthella ilysenteria? and Vibrio comma. These 
are also of intestinal origin and special techniques are essential for their 
demonstration. 

Many physical and biological factors are concerned with the bacteriology 
of water. One <>f the most important determining factors is the presence or 
absence of sufficient food-supply which usually consists of decomposing 
animal and vegetable matters. It is for this reason that the number of 
organisms in surface waters and those of rivers flowing through industrial 
cities is always very large. Temperature, exposure to light, seasonal condi¬ 
tions and the concentration of mineral salts and acids in the water are also 
important conditions which limit the number and multiplication of bacteria in 
w ater. 

It is a common knowledge that sunlight has a purifying influence on 
surface waters, e.g. ponds, lakes, etc. This beneficial action of the sunlight 
is utilised bv the public' health engineers in India. During the preliminary 
stages in the preparation of filtered water for big cities, the grossly 
contaminated water from a river is pumped up into large shallow' ponds where 
not onlv sedimentation of bacteria and other impurities takes place but also a 
good deal of self-purification occurs under the effects of a strong tropical sun. 
The bactericidal effects of light are said to penetrate through water to a depth 
of three feet. With diminishing temperature in the deeper parts, there is a 
general tendency to a reduction in the number and variety of bacterial flora 
in water. Hactcria when present in water in a frozen condition arc not 
killed but their further multiplication and growth is inhibited. 

A very interesting fact has been noted i»» .motion with the presence of 

natural bactericidal agents in some river wr* In India, the best example 

is the remarkable destructive effect of the *f the Ganges and some of 

its tributaries on bacteria and particularly e* . comma (Vibrio cholerae). 

The cause of such a specific bactericidal U been found to lie in the 

presence of bacteriophage in w'ater. 
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Besides these, the phagocytic action of certain protozoa found in water 
helps considerably to keep the bacterial content low. 

Collection and transmission of a sample of water: —A suitable 
collecting bottle is one with a capacity of 250 c.c. (8 ounces), fitted with a 
ground-glass stopper, preferably with an overlapping rim. Such bottles are 
wrapped in paper with a piece of paper between the stopper and the neck of 
the bottles and carefully sterilised in the autoclave or hot-air steriliser. In 
collecting samples, utmost ('are must be exercised to avoid contamination of 
the water with extraneous bacteria and fingers should not come in contact 
with the* glass-stopper or the neck of the bottle while filling it. The bottle 
should be filled up completely. Cork stoppers should never be permitted. 
Also earthen jugs and metal vessels are quite unsuitable. 

10 get a sample from a lap, its mouth should be (leaned with absolute 1 
alcohol and the water should be allowed to run oil lor about jo minutes 
before filling the bottle. 

If the water is taken from a lank, stream or reservoir, the unopened 
bottle is held in the water at least jo inches below the surface and then it is 
filled up. It should be remembered that anv stirring up of the sediment at 
the bottom will enormously increase the bacterial count. 

11 the water is to be obtained Innti a well, a weighted sample bottle is 
used. \ arious devices have* been made. A sample bottle weighted with lead 
attached to the bottom by means of wires passing round the neck will serve 
the purpose. I wo strings are tied, one to the neck and another to the 
stopper and the whole sterilised. To take the sample, the bottle is lowered 
to the required depth, and then the stopper is jerked out bv means of the 
other string. 

The examination must commence immediately. But it is usiialK 
impossible to carry out even the preliminary steps on the spot. In order, 
therefore, to prevent the multiplication of the bacteria in water during transit, 
the bottle containing the sample is packed in saw-dust and ice and despatched 
to the laboratory with the least possible delay. Every sample should be 
properly labelled with date, time and other details. I he examination should 
not be delayed more than twelve hours. 

Methods: —Bacteriological examination of water mav be divided into 
the follow ing: — 

I. Enumeration of the organisms present per c.c. 

(a) developing at 
(h) developing at jo° to 

II. Determination of the thief species present ; - 

(a) Detection of tnnteria of ftvcal origin of lohith Estlierithia coli (tut alt 
is taken as the standard “indit ator " oi^anism. 

(h) Deteiliou of paiho^enit hactena e. K . Eherthella tvphi. Salmonella 
paratyphi. Salmonella s< Iwtlmulleri and lihrio a.mum. 

I. Enumeration of the organisms present per c.c. 

(a) Two tubes of standard agar medium are melted and kept at qq°C\ 
in a water bath. I he sample bottle is shaken vigorouslv and to the first tube 
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is added i c.c. and to the other o*i c.c. of water. After thorough mixing, 
these are poured into sterile plates properly labelled and when the agar has 
set, the plates are incubated at 37°C. II the sample is suspected to be heavily 
contaminated, it may be diluted with sterile distilled water in dilution bottles 
and i c.c. ol each higher dilution may be put up with the standard agar in the 
usual way. 

(b) In a similar way, two gelatin plates are usually made, the medium 
being cooled to 3o°(\ and incubated at 2o°C. Gelatin being unsuitable in 
the hot weather in India and the importance of this portion of the examination 
King in the temperature of incubation rather than in the medium used, 
standard agar may be used instead and incubated at 2o°C. 

Alter 24 to 48 hours, the plates are examined and the number of colonies 
counted, counts should hi* made on plates showing more than 25 and less 
than 250 colonies. As an example, if 70 colonies were counted on the agar 
plate containing 0*1 c.c. of water at 37°C\, the number of the bacteria will 
be 700 per c.c. at 37°C. 

II. Determination of the chief species present 

(a) Far detect it hi <>i E. coii (f;ecal), MacConkey’s broth is used. The 
composition is as follows:—peptone 20 gms., sodium taurocholate 5 gms., 
lactose 15 to 20 gms., neutral red 1'V» solution 5 c.c., and water 1000 c.c. 
For technique, ride p. 6h with the exception of steps ii and iii. After prepara¬ 
tion, the medium is distributed in test tubes in varying amounts according to 
the strength required. A Durham's tube is included in each tube. The 
medium may be prepared in double or treble the above strength. Varying 
quantities ot the sample of water are put in broth tubes as follows: — 


I 

tub** 

c < mi.lining 

in c.i. <>f triple strength broth 

and 

20 

C.C. of 

the sample. 

2 

tuUs 

(mu.lining 

1«• t.c. of double strength broth 

and 

10 

c.c. of 

the sample. 

-i 

Ulln 'V 

11 iiit.tilling 

5 c.c. ot double strength broth 

and 

5 

C.C. of 

tin* sample. 

5 

t lllifs 

11 ini.lining 

5 c.i. of single strength broth 

and 

1 

C.C. of 

tin* sample. 

5 

1 wins 

1 nil t .lining 

5 1 :.c. of single strength broth 

and 

<>• 1 

c.c. of 

tin* sample. 

5 

tuln-x 

t nil mining 

5 c.c. ot single strength broth 

and 

0*01 

C.C. of 

the sample. 


'Hie tubes are incubated at 37°C. and reactions are noted at the end of 
24 and 48 hours. Each test tube has an inverted fermentation tube and only 
those that show acid and gas are counted as giving the reaction. In the first 
three of the above series, each makes up 20 c.c., so that if there is only one 
tube in the first seven of these that gives the reaction, it means that 
Escherichia adi is present only in 60 c.c. Out of the latter three series, if 
3 out of the 5 tubes give the reaction, we consider that Escherichia coli is 
present in the amount of sample put in each tube. 

So far we have presumptive evidence, of the presence of faecal contamina¬ 
tion. ThO next procedure is the separation and identification of the ia£tQS€» 
fermenters, i.e., to distinguish E. coli of . .d origin from the.. gi&ttp; 
which is found as saprophytic, having D ‘ways present outside th$ 
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intestinal canal. The organisms belonging to the typical E. cedi of fa*cal 
origin should show the following characters {vide p. 465): — 

Acid and gas in lactose. 

Acid and clotting in litmus milk. 

No liquefaction of gelatin. 

Positive indol reaction. 

Positive Methyl red test. 

Negative Yogcs Proskauer reaction. 

Negative Reiser's test. 

For the purpose of obtaining the representative flora, a tube containing a 
large quantity of water is taken after about 18 hours' incubation as further 
delav mav alter the numerical relations of the various bacilli owing to 
increasing acidity of the medium by the fermentation of the lactose. 

Having selected the tube for sub-culture of the organisms, one looplul 
of the bile salt broth is taken out from the tube and put straight into 10 c.c. 
of sterile water (tube 1) and well stirred round. Wit It the same loop, a 
loopful of this dilution is carried into another 10 c.c. of sterile water (tube 2) 
and so on to the third. A loopful from tubes 2 and 4 is put on the centre ol a 
plate containing bile salt neutral red lactose agar (ride p. <>(>) and spread 
out with a sterile- glass rod. The* plates are- incubated at 37°C\ for to 4S 
hours. The fore-going method of dilution usually produces plates containing 
about 10 to 20 colonies per plate* from lube , and something between 50 
and 200 from tube 2. Naked eye appearances of the colonies \ar\ a good 
deal and no reliance* can be put on them. 

From a good plate, i.e., with 10 to 1 2 discrete* colonics on it, each 
separate* colonv is now put through the various biochemical reactions. II 
instead of discrete colonies there is crowding, it is advisable to pick of) 10 or 
12 colonies while the*y are* small and inoculate* agar slope with each. Eight 
separate* tubes containing the- various media mentioned below are* inoculated 
from each colonv. The* four sugar media (eluleite*, adonite, inulin, sac< ha- 
rose) arc made* up with sugar-free* peptone*, bile salt and neutral red, accord¬ 
ing to MacConkew's formula. 

A broth tube or peptone* water is inoculated for motility and indol produc¬ 
tion. Buifcred glucose broth is used for Yoges-Proskauer’s reaction and 
methyl red test. Reiser's c itrate medium and uric* acid medium are* also take n 
for further confirmatory tests. These tubes after inoculation are* put up in 
one rack and incubated for 48 hours at 37°t\ 

For each sample of water, the results should be* tabulated e very day by 
+ eir — signs and at the end of the* test, the reac tions should be* carefullv 
studied for interpreting the results. 

Streptococci —Pure water rarely contains Strepte>cocci and hence the* 
importance of their detection. Source of streptococci in water is often from 
sewage contamination and hence their presence is always diagnostic of fa*cal 
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pollution. I lu* charac ters of Streptococcus fee cal is arc as follows: Acid and 
('lot formation in litmus milk, reduction of neutral red and fermentation ol 
lactose, saccharose, mannite and salicin. 

1 wenty cubic centimetres of the sample arc* centrifugalised and the 
deposit plated on brom-cresol purple agar. Also i c.c. of various dilutions of 
water is added to tubes ol glucose broth containing an indicator. The broth 
becomes acid on account ol E. coli lermenting glucose and Streptococci 
tend to outgrow h. coli. I he latter may now be plated out and isolated in 
pure culture. 

Searc h lor Streptococci and other fjecal organisms, e.g. ( 1 . wclchii, in 
water is rarely performed in ordinary routine water bacteriology. 

(b) Detection of pathogenic bacteria. 

(i) hnteric group: —Isolation of enteric* group of organisms from water 
supplies is \ cry unsatisfactory. Wilson and Blair’s medium has recently 
come into prominence and is ver\ useful as a selective medium. 

Samples of water may be put on the selective media, such as those* of 
Wilson and Blair, (’onradi-I)rigalski, malachite green, etc. after concentra¬ 
tion which is carried out as follows: — 

(i) Boiling in \ aruo Here* boiling occurs at a low temperature without 
killing the organisms. 

(iij Mum precipitation method—To a litre of water are added 5 c.c. 
of a 1 c> per cent, solution ol alum. Alter the* flocculent precipitate of 
aluminium h\(Irate is formed, the bottle is shaken, the* precipitate allowed 
to settle* and then cent rifugalised at a high speed. The deposit is used for 
plating. Other media, e.g., brilliant green telluric acid broth, may also be 
Used (:•/«/(* p. OS). 

(j) For ilv.senterv group of organisms, the same technique is followed. 

(^1 Isolation oj 1 1 brio comma from water: —Concentrated peptone 
water (peptone 10 gins., sodium chloride 5 gins., water - too c.c., 
pH So) is sterilised in big Khrlcnmexer flasks and i)oo c.c. of the* water are* 
added to each of them. 

Interpretation of results: —'Hu* objects with which the bacteriological 
examination of water is undertaken are threelold, viz. : — 

(t) Potability of water. 

(2) l\se in eommeive. 

(d Efficiency ol various purification proe'esscs with a view to render 
polluted water lit for use. 

But the ideal would have been reae'hed if the detection of the pathogenic 
organisms could have been possible by routine everyday methods. Technical 
difficulties are, however, so enormous *nd so feeble is their viability 
outside the body that we have to fall h , on the total colony count and 
detection of Escherichia coli. 
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Total colon v count affords valuable informal ions. But alongside with it 
must be performed the tests tor lactose lermenters. It is obvious that a 
sample containing* a large number of saprophytes (e.g. B. subtilis) is less 
likelv to be harmful than a sample containing even a few colonies ol E. coli 
of fcecal origin. Bv comparing the total number of colonies with the number 
of lactose-fermenters, the relation between the ordinary water-organisms and 
ft coal ones may be roughly ascertained. (Ida!in plates are superior to agar 
plates for total colonies at 2o°C. as they allow all the organisms including 
saprophytes to grow and differentiate the liquefiers from the non-liqueficrs of 
gelatin. But in hot climates, they are difficult to work with and agar is used 
instead. In this connection it should be noted that most of the pathogenic 
organisms grow best at higher temperature, hence agar plates are suitable. 

Source of water should also be- considered in judging tin* total colony 
count. Higher numbers can be permitted for river, shallow well and other 
upland surface waters but in deep wells, count should be low (e.g. below 
jo per c.c.). In good-quality water, ratio of total count at 37°C. and 2o°(\ 
should be about i 20 to 1 50. If, however, the difference is negligible, the 
water is considered to be very suspicious. 

Many authorities have tried to fix some standards for all waters, but 
cverv case should be taken up on its own merit. As a working rule, surface 
waters may be acceptable il the total colony count at ^7°C. be not above 
100 per c.c., provided that the coli count is also satisfactory. Ground water 
should show even less than surface water. 

Opinion varies greatly on the passable limits of H. coli. Ground water 
should show freedom from K. coli in 50 c.c. and very deep well waters should 
be practicallv sterile (e.g. artesian wells). In surface waters, K. coli should 
not be present in 10 c.c. samples. Filtered and chlorinated waters should show 
absence of F. coli in 100 c.c. samples. Absence ol Colon bacilli (f;ecal l\pe) 
proves the harmlessness of water as far as bacteriology is concerned. Its 
absence is a sign of safety while its presence is a danger signal. It is not 
unreasonable to assume that organisms of intestinal group, such as E. typhi, 
E. dysenieritc , etc., will be absent from a sample free from K. coli. 

Final opinion as to the potability and other uses of water should be given 
after the chemical analysis and examination of the surroundings, if 
possible*. The same water may vary in results according to the* season, 
rains, Hooding, etc. 

BACTERIOLOGY OF MILK 

Milk constitutes a perfect nutritive fluid and may be* considered to be one 
of the best culture media for all kinds of micro-organisms. It is for this 
reason that even tlit- perfectly pure sample of milk sooner or later shows an 
abundant growth ol contaminating bacteria, the* number ol which varies, 
depending on the temperature and the time which e*lapse*s between milking, 
and examination. I hus, the study e>i this subject forms an important matter 
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pot only t<> (ontiol the number and nature of its bacterial flora but also to 
prevent dissemination of many diseases. 

In modern times, all civilised countries of Europe and America have 
realised the enormous importance oi the bacteiiologv of milk in connection 
with public health and elaborate arrangements have been made to organise, 
control, and regularly supervise dairy industries. So far as India is con¬ 
cerned, it is a hopeless state of affairs, there being absolutely no control over 
the supply of milk. 1 his should, however, be immediately taken up by 
municipal corporations and other public health departments. 

Naturally, when the cow is absolutely free from disease, the milk secreted 
in its breast is perfectly sterile. Hut it begins to be contaminated as soon as 
milking is undertaken. J he various sources of contamination mav be con¬ 
sidered under the following heads: — 

1. From the cow: —'Flu* skill of the udder may be healthv but soiled 
with dirt and excreta. This source of contamination may be minimised bv 
observing scrupulous cleanliness during milching. The cow itself mav be 
suffering from some bacterial diseases and the organisms may be discharged 
through the milk without any evidences of gross disease in the breast. The 
udder may also be the scat of diseases, such as, cracks, fissures, ulcers, etc. 

2 . During milking: (From the milkman’s hands and fingers).—This is 
one of the most important and serious sources of contamination. The person 
may be a carrier of some serious disease, such as typhoid fever, cholera, 
dysentery, tuberculosis, etc., and he may contaminate the milk through his 
fingers. The organisms will multiply in the milk with astonishing rapidity 
and when such milk is taken without boiling or without sufficient sterilisation, 
a local epidemic breaks out. 

The vessel in which the milk is collected may contain dirt or may have 
been washed with grossly impure water and thus contaminates the milk. 

3. After milking: —After milching, the milk may not be sufficiently 
protected against bacterial pollution from the atmosphere or from flies. The 
contamination from the latter often assumes a menacing proportion in India, 
particularly during- the hot season. Another source of contamination, which 
is verv common in India is from impure water which is added to the milk 
by illiterate and unscrupulous dairy men to dilute their commodity before 
distribution to consumers. 

It should be noted that milk when freshly drawn and kept at a fairly low 
temperature remains good for a fairly long time but if the sample is boiled, 
it tends to become bad very rapidly. This quality of the fresh milk to remain 
“sweet” for a long time is due to the presence of natural bactericidal 
substances which inhibit the growth of micro-organisms. When boiled,' these 
elements are destroyed and bacteria are then free to grow and multiply in the 1 
milk. This property of the milk, though not understood on a scientific basis, 
has been known to the lay people and hou-' ••’aids in India’and other countries 
from ancient times. 
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Bacterial flora of milk 

NONPATHOGENIC BACTERIA which may be present in milk obtained 
from healthy cows are the following*: — 

(1) Those which produce acid only are Streptococcus hut inis and Lacto¬ 
bacilli ( vide p. 470). These organisms aet on the lactose of the milk, pro¬ 
ducing mainly lactic acid which produces curdling of the milk. 

(2) Those which produce both acid and gas mainly belong to the 
Escherichia coli group but anaerobic organisms, such as ( 7 . wclchii, and 
Cl. sporogenes, may also be present. They ferment the lactose, producing 
both acid and gas. The milk is clotted by the acid and then* is an abundant 
gas formation. 

( 3 ) Those belonging to the proteolytic group arc* the following: - 

(a) Spore-bearing aerobic' organisms belonging to B. suhlitis group. 

(b) Proteus vulgaris. 

(c) Staphylococci and other micro-cocci. 

They also produce curdling of milk but this is brought about by tin- 
action of ferments—rennet and easease—secreted by the organisms. 

Besides the above, there may be a large* variety of cither micro-organisms, 
some of which may act on the protein contents of the milk and render it 
alkaline*, c.g., Alealigenc*s hecalis, whilst others may have* little or no action 
and for whie'h they are often called ine rt bacteria. 

PATHOGESTC- BAC'LERIA which may be found in 
following: — 

(1) Those which are of bovine origin:— 

(a) Streptococcus luemolyticus: —'These may be- obtained from a cow 
when the latter sutlers from a stre*ptoeoccaI mastitis. There may also be* 
various degrees of ulceration in the udder which may be- secondarily infected 
with lueniolytic strc'ptcx'occi and the- latter may be discharged into the milk. 
Lastly, hiemolytic streptococci may gain e*ntranee* into the milk from the* 
thre>at of a person who acts as a carrier. Such an infected milk has been 
found to give rise to an epidemic outbre ak of sorc-lliroat and scarlet lever. 

(b) Mycobacterium tuberculosis: —These- are* usually obtained from a 

tuberculous ulcer of the udder (vide p. whie'h discharges an e-normous 

number of the organisms into the* milk. Apart from this, rows suflVring 
from tuberculosis of the internal organs excrete* M . Iubcrculosis through the* 
milk, without having any detectable lesion in the udder when the* latter is 
examined either during life or after death. Finally, contamination may also 
take place from alvine discharges of diseased cattle*, particularly the dung, 
some of which may contain the bacilli. The organisms are* always of the 
bovine type. Although this is often a serious matter in Se'otland and other 
countries, fortunately such a contamination is comparatively uncommon in 
India. 

(c) Brucella abortus :—Cows may occasionally suffer from this infection 
and excrete large numbers of bacilli into the milk which may thus transmit 
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the disease to the consumer. Similarly, in the Mediterranean areas, goats 
suffering from Hr. mclitcnsis infection may excrete the bac illi in their milk 
and thus spread malt a fever. 

(d) Occasionally, cattle suffering from foot and mouth disease mav 
have vesicles on the udder which may contaminate the milk with the virus. 

(2) Those which are of human origin:— These are usually derived from 
a human carrier who may he employed in milching or handling milk. The 
organism usually contaminates the latter through unclean hands and fingers 
or in droplets expelled during coughing, sneezing and speaking. The 
common organisms of this origin are those producing typhoid and para¬ 
typhoid group of fevers, dysentery, cholera, acute bacterial food poisoning, 
scarlet lever, septic sore-throat and diphtheria. It will be seen from the 
above that contaminated milk is one of the important sources of origin as well 
as of the spread of many serious diseases. 

Bacteriological standard of milk: —There is absolutely no such 
standard in India, although this should be enforced. This is due to want of 
legislation regarding the control of milk supplies. Although there is no uni¬ 
versally accepted international standard, the public health authorities of many 
European countries and I'nited States of America have fixed up certain 
grades with regard to the purity of milk. In Great Britain, the Ministry of 
Health have set up the following standard for the control of milk supplies: — 

1. ('ertided milk :—This milk is produced under the strictest supervision 
regarding cleanliness as laid down by the laws of the land. The number of 
bacteria in such milk must not exceed 30,000 per c.c. and Escherichia coli 
(B. coli communis) must be absent from 0*1 c.c. It must also be obtained 
from cows which have been found to be free from any tuberculous infection 
as proved by the tuberculin test. 

2. (trade .1 milk :—'This milk must not show more than 200,000 
organisms per c.c. and E. coli must be absent from 0 01 c.c. The cows must 
also be free from tuberculous disease. 

3. Grade .1 milk (pasteurised ):—The standard is the same as that for 
Certified milk. 


4. Ordinary pasteurised milk :—This must not contain more than 
100,000 organisms. There is no definite mention about E. coli. 

The bacteriological examination of milk: —This is usually carried 
out on the same lines as the bacteriological examination of water and sewage. 
It is undertaken to estimate the total bacterial content of a sample of milk, to 
determine the degree of fa*cal pollution and to find out whether any patho¬ 
genic organisms are present. Of course, the most important of the latter is 
M. tuberculosis. 


Collection of milk: —This is very 
collected in a sterile glass stoppered pirn 
bottle should be filled up completely, put »• 
testing laboratory immediately. Delay 
bacterial flora to such a degree as to pres* 


— ant. It should always be 
about 8 ozs. capacity. The 
of ice and despatched to the 
..smission may increase the 
entirely different picture. 
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The examination should be undertaken immediately, if possible; at any 
rate, not more than 24 hours should elapse between milrhing and examina¬ 
tion. The stopper is now removed and the mouth of the bottle having been 
flamed over the Bunsen burner, the first 2 to 3 ozs. of milk are discarded. 
After replacing- the stopper, the bottle is thoroughly shaken. Now the actual 
examination is undertaken. 

Total bacterial count:— 

A. As the number of organisms is very large, suitable dilutions must 
be made. Usually, a series of 5 dilutions is made as follows: 

(1) 1 c.c. of milk 4 <) c.c. of storilr distill***! water-1 in 10 dilution. 

(2) 1 c.c. of 1 in 10 dilution 4 *) c.c. of sterile distilled water-1 in 100 dilution. 

(3) 1 c.c. of 1 in 100 dilution 4 *) c.c. of sterile distilled water- 1 in 1,1100 dilution. 

(4) 1 c.c. of 1 in 1,000 dilution -Hj c.c. of sterile distilled water - 1 in 10,000 dilu¬ 

tion. 

(5) 1 c.c. of 1 in 10,000 dilution 4 p c.c. of sterile distilled water 1 in 100,000 dilu¬ 

tion. 

Always use a separate pipette for each dilution. 

A gentle but thorough and prolonged shaking is absolutely essential. 

Medium used: 

Peptone—5 grains. 

i.emco— 3 grams. 

Agar fibre*— 20 grams. 

Skimmed milk—10 c.c. 

Tap water—1000 c.c. 

The medium is prepared in the usual way but clearing with egg-white 
should be avoided. Adjust the reaction to pH 7.6. Plating is done exactly 
in the same way as in the ease ot water analysis, using 1 c.c. ol the diluted 
samples. Always make duplicate plates, i.c., for 5 samples of diluted milk, 
prepare 10 plates. Alter incubation lor 48 hours, the colonies are counted and 
the total number of bacteria per c.c. may be calculated. 

1 o estimate the amount of feccal contamination, varying quantities of the 
milk are added to tubes containing single strength liquid bilc-salt-lacto.se- 
neutral red medium of MaeConkev and incubated for 2 da\s. Sufiicicnt 
neutral red should be added, as much of the colour may be masked 1>\ the 
milk. The following procedure, may be followed: — 

3 containing 1 c.c. each of 1 in 10,000 dilution. 

3 tubes containing 1 c.c. each of 1 in 1000 dilution. 

3 tu,H - s containing r c.c. each of 1 in 100 dilution. 

3 tul, c» s containing 1 c.c. each of 1 in 10 dilution. 

1 tube containing 1 c.c. of undiluted milk. 

If the degree of contamination is suspected to be very high, higher 
dilutions and lesser quantities may be employed. 

Readings are taken alter 24 and 48 hours. The tubes which show both 
acid and gas contain Escherichia coli and the tube which shows the above 
change with the minimum quantity is also determined. 

Examination for Pathogenic organisms 

Mycobacterium tuberculosis:— This is usually done bv ccntrifugalising 
a large volume of milk (100 c.c. to 250 c.c.) in special tubes and inoculating 
guinea-pigs with the sediments as in the case of other tuberculous materials. 
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Some of the bacilli may be entangled in the fat which collects on the top. 
Heme, this may be collected and mixed with the sediments. In order to 
exclude all other micro-organisms which are also concentrated by the process 
of centrifugal]sat ion and which may be pathogenic to guinea-pigs, the sedi¬ 
ments may be treated with antiformin before inoculation into the animal. Film 
preparations may also be stained for acid-fast bacilli but usually this is of very 
little use. In this connection it should be remembered that non-pathogenic 
acid-fast bacilli may occur in milk (vide p. 336) and care should be taken to 
guard against any fallacy. Two animals should be inoculated. One of them 
may be killed after 4 to 6 weeks and examined for evidences of a tuberculous 
infection. If the findings are negative, the other animal may be killed 
another 4 to 6 weeks later. 

It is very important to demonstrate M. tuberculosis in the guinea-pig’s 
lesion as similar types of pathological changes may be produced in these 
animals by l J usteurella pseudotuherculosis (B. pseudotuberculosis rodentium) 
and other micro-organisms (vide pp. 324, 514). 

Other pathogenic micro-organisms which may occur in milk, e.g., typhoid 
and paratyphoid group of organisms, dysentery bacilli, organisms of food 
poisoning. Brucella group and Vibrio comma (V. cholera) can be demon¬ 
strated by suitable methods of cultivation appropriate to the particular organ¬ 
ism. I hc- centrifugalised deposit should alw ays be used for this purpose. For 
a detailed study of this subject, special books should be consulted. 

Souring of milk :—T his is a very important matter in milk industry, 
involving a considerable amount of economic loss as sour milk is unfit for use 
in place of ordinary milk. In India and in many other parts of the world, 
however, sour milk is consumed in large quantities as an article of diet. Of 
late, a large amount of therapeutic qualities has been attributed to its use in 
certain chronic intestinal disorders, e.g., dyspepsia, diarrhoea and other 
chronic infections of the bowels (vide p. 472). 

The essential principle of this process consists of the activity of the 
common bacterial flora of milk on certain constituents of the latter. This 
souring signifies the earliest evidence of bacterial decomposition of milk. The 
principal ingredient to be acted upon is the lactose which is fermented by the 
bacteria with the production of a large amount of lactic acid which acts on 
the calcium caseinogcnate of milk, producing casein. The latter, being 
insoluble, separates out in the form of a flaky or lumpy precipitate which is 
commonly known as the curd. The most important organisms to bring 
about these changes are the streptococcus lacticus, the Escherichia acidi 
lactici (B. acidi lactici) and the lactobacilli, particularly Lactobacillus 
bulgaricus (B. bulgaricus) and Lactobacilli acidophilus (B. acidophilus). The 
liquid which separates out is called the whey, which contains some sugar, 
lactalbumin, lactoglobulin, mineral salts and bacteria. A distinction should be 
made between sour milk and putrid milk *;■ • *. While the former is due 

to the decomposition of its carbohydrate 1: with an acid reaction and is 

a harmless process, the latter signifies ba* decomposition of its protein 

components with alkaline reaction and b * te due to the formation of 

ammonia and peptone. Putrid milk is aL- ous to health. 
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Diseases spread by milk :— 

I. Milk becoming infected as a result ol disease of the animal. 

1. Malta fever (undulant fever). 

2. Abortus fever. 

3. Bovine tuberculosis. 

4. Foot-and-mouth disease. 

Streptococcal infection (cow becoming a “carrier” ol the luiman 
streptococci). 

II. Milk becoming infected from human sources either at tlu- farm or at 
the dairy or during* transport or in the household:—- 

1. Enteric fever (typhoid and paratyphoid levers). 

2. Cholera asialica. 

3. Dysentery. 

4. Food poisoning (salmonella inlection). 

5. Diphtheria. 

6 . Septic sore throat. 

7. Scarlet fever. 

8. Infantile paralysis (acute anterior poliomyelitis). 

Methods of sterilisation of milk:— This is an important matter Irom 
the public health point of view, as it is the only way to prevent tlu* spread ol 
communicable diseases through milk consumption. In all parts ol the* civilised 
world, various processes arc- employed for this purpose, but the two must 
important methods are boiling * and pasteurisat inti . In India, even Irom ver\ 
early days, milk is boiled before being consumed. Although this is not l>\ 
any means a very ideal method, it has undoubtedly been the onlv elVective 
wav of keeping down the very high degree of contamination which is present 
in Indian milk. 

Although boiling kills the bacterial llora of the milk, the proc ess le ads to 
a profound change in its quality. It take*s away the- flavour of the fresh milk 
and adds a cooked taste to it. It brings about some change in the composi¬ 
tion of the proteins and the salts of calcium, magnesium and phosphorus, 
It also destroys anti-scorbutic vitamins. Boiled milk undergoes decomposi¬ 
tion more readily than fresh milk. 

Pasteurisation: —The essential principle of this proc ess consists in expos¬ 
ing the milk to a temperature of b3°C. tor half an hour and rapid! v cooling 
it down. Bv this way all the vegetative micro-organisms are killed while 
the quality of the milk remains more or less unaltered. Sterilised milk is 
liable to be contaminated exactly in the same ways as fresh milk and therefore 
it should be consumed as soon alter sterilisation as possible and everv precau¬ 
tion should be taken against bacterial contamination during subsequent 
manipulations. 

Condensed milk, dried milk, cream, butter, cheese and similar milk pro¬ 
ducts, all contain varying numbers of bacteria. They may also be conta¬ 
minated with pathogenic micro-organisms and thus may cause outbreaks of 
infectious diseases. In this connection, the injurious effects of ice-creams 
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must In- particularly remembered. These are often prepared from grossly 
polluted milk under unclean conditions by men having verv little sanitarv 
consciousness. Dangerous microbial agents may thus have an access into 
these articles ol diet. The low temperature only helps to preserve the vitality 
of these pathogenic organisms for a longer time. The unrestricted sale of 
these milk products lias been found to give rise to serious outbreaks of 
infectious diseases in many parts ol the world and particularly in the tropics. 

WASSERMANN REACTION 

To test a sample of patient's blood for Wassermann reaction, the follow¬ 
ing things are necessary: — 

(i) IbiticntN blood. 

(.*) ('(implement. 

(.}) Ant ic'll. 

(-jl Amboceptor (Anti-sheep). 

(51 Sheep's corpllslles. 

(til A known syphilitic serum (S.S.). 

(71 A known non-syphilitic serum (N.S.l. 

(Si Test tubes, 4" A " si/es. 

(<)l I’est tube rack'* (/ini ami wooden). 

(id tiraduated pipettes (1 c.< 5 c.i., ir» c.c.). 

(111 Water bath. 

( jj ) I m uhator. 

(14) Normal saline. 

1. Patient’s blood: —About 5 c.c. of blood are drawn out by means of 
a sterile syringe and are collected in a sterile phial. The blood is allowed to 
clot when a clear scrum separates out. The serum is centrifuged to make it 
absolutely free from blood corpuscles. Then it is pipetted off into another 
sterile phial and is inactivated by heating it for 20 minutes to \ hour in a 
water-bath at 5b C. 

If the syringe is sterilised with alcohol, care should be taken to wash it 
with normal sterile saline, otherwise the serum will be red (due to the 
htemolysis of R.H.C ) and anticomplementary. Working dilution of the 
serum is 1 in 10, usually o'3 c.c. of the serum and 2*7 c.c. of normal saline 
are taken. 

2. Complement : —For complement, guinea-pig's serum is usually 
used. Hlood is drawn out by puncturing the heart and allowed to clot. The 
serum is then separated and diluted with normal saline in the proportion of 1 
in 10. This diluted complement should be kept either in the ice-chest or in a 
fri^idairc and should be taken out when working. The diluted complement, 
when exposed to the room temperature for sometime, specially in the tropics, 
becomes weakened in strength. Working dose is 0.5 c.c. of the diluted 
complement. It should be remembered that the strength of the complement 
varies according to the size and health of the guinea-pig and also according 
to the season. 

Antigens: —The commonly used ones arc Bordet-Gengou (eholes- 
terinised and non-cholesterinised), alcoholic and Noguchi s (a very sensitive 
antigen, but is no longer used). The antig'-' which arc used at present are 
four in number, viz., two cholcstcri... Bordet-Gengou, one non- 
cholesterinised Bordet-Gengou and one a. antigen. 
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Preparation Of antigens: —In the preparation of antigens, usually fresh 
heart muscles are used, either human or bovine, of which the former is 
preferable. The heart muscle is freed from fat and is then cut into small 
pieces. 

Bordet-Gengou antigen :—Human heart muscle, cut into very small 
pieces, is put into a clean bottle and absolute alcohol is added, generally 
in the proportion of 100 to 125, i.e., to ioo gms. of heart muscle, 125 c.c. of 
absolute alcohol are added. II the alcohol does not cover the heart musc le 
completely, a few c.c. more may be added. The whole content is shaken 
daily and is kept at the room temperature for 7 days. After that, the alcohol 
is thrown away. These pieces of heart muscle are then dried completely, 
either in the incubator or in a hot-air steriliser. Care should be taken that 
these pieces are not charred. To these* dried pieces, acetone* (pure*) is 
added in the proportion of 1 in 2, i.e., to 100 pns. of dried heart muscles, 
200 c.c. of acetone are added. 'The phial with the* content is then placed in 
the cold incubator for seven days and shaken daily. After that, tlu* acetone 
is thrown away. The pieces of heart muscle* are dried as before*, and tln n 
powdered. The powder is then weighed and double its quantity of absolute 
alcohol is added. Tlu* phial with the content is kept at the* room temperature 
for 3 days and shaken daily. Then the* content is filtered and labelled as mm- 
cholesterinised Bordet-Gengou antigen. To make* it ehole stcrinised, add pure 
cholesterin to the extent of 

Alcoholic antigen: —'flu* pieces of heart muscle are* weighed and tlun 
placed in a clean sterile mortar. Some sterilised sand is added and these 
pieces of muscle are* ground up well by means of a pestle*. Absolute* alcohol is 
then added in the proportion of 1 in 10, i.e*., if the weight of the* heart muscle* 
be 1 gm., 10 c.c. ol alcohol are added. file* whole* content is then thoroughh 
mixed and poured into a clean sterile glass-stoppered phial. The phial is 
kept at the room temperature for seven days and even day the* content is 
shaken for at least one hour. After the seventh day, the* content is filtered 
into another sterile* phial and the* filtrate is labelled as alcoholic* antige n. 

Noguchi’s antigen :—To a mashed past, of heart muscle*, ten parts of 
absolute* alcohol are* added. I his is kept at 37°^. lor several da\s. An 
alcoholic extract of heart-muscle is thus obtained. Kilter the* extract through 
filter-paper and collect the filtrate. The filtrate is then kept in a shallow 
dish and evaporated to dryness under an electric fan. The* dried residue is 
then treated with ether, and the ethereal mixture which is turbid is allowed 
to stand overnight in a covered dish in a cool place. The clear supernatant 
fluid is decanted off in a clean beaker, from whic h the ethe*r evaporates, result¬ 
ing in a concentrated solution. I o this, add 10 volumes of pure* acetone and 
mix thoroughly. Let the acetone-insoluble portions settle* down as light 
brownish precipitate, after which the supernatant fluid is decanted oil and 
rejected. I his light-brow nish precipitate, which on e xposure* to air becomes 
Sticky, is the Noguchi’s antigen. 
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Stock solution of Noguchi’s antigen consists of 0.3 gm. of the precipi¬ 
tate, 1 c.c. of ether and c> c.c. of methyl alcohol. 

Working dilution is i in 10 with normal saline. 

Xole: — U\orking close of all antigens is 01 c.c. and the dilution depends 
on the strength of the antigen. 

The strength of the antigen or the extent to which the antigen is to be 
diluted is determined by making a series of dilutions and working with a 
known svphilitic serum and a known non-syphilitic serum. A proper dilution 
w ill be one which with 0.1 c.c. as dose will not show haemolysis of corpuscles 
with known syphilitic serum and at the same time will not retard or inhibit 
haemolysis in the non-syphilitic serum. 

More than one antigen should always be used. The sensitiveness of the 
test depends upon tin* sensitiveness of the antigen. It has been found 
that with the same serum, different results arc obtained with different 
antigens. If a verv strong cholcstcriniscd antigen is used, the tendency will 
be towards a stronglv positive reaction, whereas it a weak non-cholesterinised 
antigen is used, the reaction will be distinctly weaker. Hence in practice, 
three antigens are used, vi/., one strong cholcstcriniscd, one weak non-choles- 
terinised and a third of moderate strength. I he results are somewhat different 
with each of these antigens. But b\ taking the average of these three 
results, a correct conclusion may be arrived at. 

.4. Amboceptor (anti-sheep): -This is prepared bv injecting fresh 
sheep’s corpuscles, washed with normal saline, into a rabbit. Before injection, 
these corpuscles are diluted with equal parts of sterile normal saline, 
(ieneralh the ear veins are selected. Number of injections required varies 
f rnm o to 10 and the injections are given on alternate days. Alter the fifth or 
sixth injection, the rabbit’s blood is tested to see whether any amboceptor has 
developed, and if so, to what strength. If it develops to a sufficient strength 
(say about 1 in 500), as much of the rabbit’s blood as possible is collected 
either bv puncturing the heart or by dividing the jugular vein. The collected 
blood is allowed to clot and kept in the frigidairc overnight to get clear serum 
out of it. This serum is inactivated at 50°C. for half an hour and is labelled 


as amboceptor. 

Titration: —This is done by making a series of dilutions of the scrum, 
sav 1 in ioo, 1 in joo, i in .too and so on and noting the maximum dilution 
which in a dose of o. i s e.c. completely luemolyses the sheep's corpuscles in a 
fixed time (sav to minutes), l'or instance, if in t in 400 dilution o'i 5 c.c. 
can hieinoK sc the sheep’s cells in to minutes, then the working dilution of 
this amboceptor will be 1 in 400, keeping the dose as 0.15 c.c. It an 
amboceptor of know n strength is available, it is better to find out the strength 
of 1 he new amboceptor by titrating it against the amboceptor ot known 


strength. 


77 /e dose is o* 75 c - c - 
4. Sheep’s corpuscle: —Blood is d; 
sheep. It is defibrinated by means of Stef- 
and centrifuged. The plasma is thrown 


at of the jugular vein of a 
• * lass beads in a sterile flask 
nd normal sterile saline is 
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added to the blood corpuscles settled below. The whole tiling is stirred well 
by means of a sterlie tflass rod and is centrifuged again. I he (-orpusclcs 
settle below and the supernatant saline is thrown away. This is repeated 
twice. Finally a suspension of the coipuscli's is made with sterlie 
normal saline. 77 /c Jose is Jet ennuieJ ttccorJiiig to the strength oj thi 
complement . 

OUTLINE OF THE WASSERMANN REACTION 

The test is carried out in two stages. 

In the first stage, the strength of the complement is found out by deter¬ 
mining the amount of sheep’s corpuscles it can luemolvse when mixed with 
antigen, amboceptor, and complement in a given time. This strength of the 
complement is to be determined every day as already mentioned because its 
strength varies in different samples. 

In the second stage, the test proper is carried out with the patient’s serum 
(X), a know’ll syphilitic (S) and a non-syphilitic serum (N.S.). 'The latter two 
are necessarv because the results are required to be checked every da\ by 
comparing w ith the previously tested sera as controls. I aking all possible 
precautions about the accuracy of the test, there may still be some factors 
somewhere which might have escaped notice and vitiated the previous results, 
giving a clear indication to reject the test and do it over again. 

First stage —Determination of the dose of sheep’s corpuscles (Fig. 273): — 
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Fig. 273. 

Determination of the dose of sheep’s eel Is. 

Put up 8 test tubes of 4" x sizes in a rack and mark as 1, 2, 3, q, 5, 6, 
7 and 8, keeping 7 and 8 a little apart. Put 0*5 c.c. of normal saline (\. saline) 
into each of the series of 8 test tubes (this is to make up a convenient volume). 
Dilute the strongest antigen to its working dilution in a big sized test tube. 
Put 0.1 c.c. of the antigen into each tube, excepting the last two. Next put 
o’5 c.c. of the diluted complement into each of the first seven tubes. The last 
two tubes, i.e., Nos. 7 and 8, are meant for controls (vide infra), the former 
to represent complement control and the latter to represent control for normal 
saline that is to be used in the test. Add 0*5 c.c. more of N. saline into tube 
No. 8. So the volume becomes practically the same in all. Shake all the 
tubes 1 to 8 thoroughly and put up the whole rack in the incubator at 37°C. 
for one hour. 
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After one hour the rack is taken out and 0.15 c.c. of the working dilution 
of the amboceptor is added to tubes , to 6 only. Then put graduated doses 
ol sheep s corpuscles into tubes i to 6 as follows:—0.2 c.c., 0.3 c.c., 0.4 c.c., 
0-5 c.c., o*6 c.c. and 07 c.c. Into the tubes 7 and 8, put \he first dose, 
namely 0.2 c.c. ol the cells. It should be noted that Nos. 7 and 8 will not 
receive atn amboceptor. I hen all the tubes are thoroughly shaken and 
incubated for 10 minutes, after which the rack is taken out and the degree of 
luemolysis noted. If the complement is quite strong it may show complete 
Iv.emolvsis in Nos. 5 or 0 or il it is weaker it will show partial haemolysis in 
Nos. 4 and 5 and complete in No. 1 and so on. Then suppose, it shows 
complete luemolvsis upto tube No. 5, i.e., in the tube in which 0.6 c.c. of the 
corpuscles has been added, then the working dose of the corpuscles for that 
dav will be 


0.5 J.C., 


which the complete haemolysis has occurred. 


the strength of the red cells just before the tube in 


So in this way, the strength of the complement is determined and fixed in 
terms of luemolysis of the red blood cells, as the amount of complement has 
been kept fixed, i.e., 0.5 c.c. of t in 10 dilution. The dose of red blood cells 
varies in different samples of the complement. 


Second stage :—Serum to be tested, as already stated, is to be previously 
inactivated. 

In a rack, put 6 big sized test tubes for dilution purposes. Three tubes 
are meant for three kinds of antigens, say Nos. I, II and III; one tube for 
known syphilitic serum (S.S.), one for known non-syphilitic serum (N.S.), one 
for the rase (X). Label the tubes according to the materials to be diluted. 
As for instance, for the dilution of the three antigens, I, II, III and so on. 
Now dilute with normal saline antigens No. I, II and III in their respective 
working dilutions. Next dilute S.S., X.S. and serum X 1 in 10 with normal 
saline (0*3 c.c. of the serum is taken and 27 c.c. of normal saline are added 
to it). In diluting these, the normal saline that is being tested with control 
in the first stage should be used throughout the process. 

Now in another rack, fit up 4 test tubes of the size 4"x£" as shown in 
Fig. 274, one for S.S., one for N.S. and one for X (labelled accordingly) and 
the fourth one for the h.emolytic system (H.S.) which is to be labelled with 
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the number of the antigen that will be used in this particular tack. No. I 
antigen is used in this rack. 

Now take two more racks with 4 tubes in each, exac tly like the previous 
one. So altogether three racks are required for three antigens. As already 
said, each serum is tested with at least three kinds of antigen. So label 
the fourth tube in the second rack as No. 11 , because No. 11 antigen is used 
in this rack and the fourth tube in the third rack as No. Ill lor the same 
reason. Now these are the three racks with same sera in all, i.e., the same 
S.S., N.S. and X but different antigens in each. 

Now put 05 c.c. of the diluted sera S.S., VS., and X respectively into 
tubes allotted for them in all the three sets. Into the tubes which will 
contain the hternolytic system, add 0*5 c.c. of X. saline* but no serum (this is 
to make up the volume equal to tlu* serum tubes). Then add 0*1 c.c. o! 
antigen No. I into all the tubes of the first rack, o' 1 c.c. ol antigen NO. II 
into all the tubes of the second rack and o' 1 c.c. ot antigen No. Ill into all 
the tubes of the third rack. Now add 0*5 c.c. of the diluted complement into 
all the tubes and shake thoroughly. 

The tube marked w ith H.S. in Fig. 274 represents the luemolytic system. 
It serves a double purpose. If there is no luemolysis or partial hiemolysis, 
it can be concluded that the antigen is responsible lor it. It should be noted 
in this connection, that every antigen destroys the complement to a certain 
extent (anticomplementary) and when it is too strong its anti-complementary 
property becomes so marked that it may retard luemolysis either completely or 
partially in the ha*molvtic system. Hence it will be* seen, that this luemolytic 
system serves as a control for the antigen. 

In this way, when the antigen is found to be very strong and anti-com¬ 
plementary, it should be modified by further dilution. Apart I mm the above, 
this hiemolytic system also indicates the time of reading the results of the 
test (rule infra). 

Controls:— 

It will be evident from the principles ol the test, that a positive or a 
negative result is indicated by the non-lucmolysis or luemobsis ol tin* sheep’s 
red cells. Apart from the bonafide reaction >f the sera, there might be other 
factors which might be responsible lor the production of luemolvsis or non- 
haemolysis in the test. IJ such (actors are not eliminated, then it is possible 
to get a false negative or a false positive reaction. Amongst the la< tors 
which will cause a Jalse non-lwcmolysis (which is called an anti-< omplcmen- 
tary reaction), there may be an inherent property of the serum which will 
destroy the complement in the guinea-pig's serum and consequentlv indicate a 
ialse reaction. Other (actors, viz., bacterial contamination, luemolysed 
serum, presence ol alcohol etc. in the serum, may also dcstrox the comple¬ 
ment, resulting in Ialse positive ructions. To guard against these* fallacies, 
two tubes lor each ol the serum S.S., N.S. and X are required. 

(i) One lube to show whether the serum is anticomplementary . Into 
this tube, we will put the serum, complement, amboceptor and sheep’s cells, 
i.e., a complete cycle for haniolysis. Now, if this tube docs not show 
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liii-molvsis (wliirh it should have done), it can be concluded that it is the 
serum w hich is responsible to bring about this non-ha-molysis; hence the 
scrum is anti-complementarv. 

(ii) One tube to show whether the scrum is heemolytie. i.e., whether it 
possesses any natural property of ha-molysmg the sheep’s cells, resulting in 
a lalse negative reaction. In check this, put up a tube with scrum, comple¬ 
ment and sheep s ( ells, hut no amboceptor. In a normal serum there should 
not be any hiemolysis. But if any of these tubes show’ any haemolysis, it 
indicates that the serum contains natural hicmolytic amboceptor and is 
therefore hicmolytic. 

In the case of S.S. and X.S., it is necessary to have these controls each 
time they are used, because a serum which may not be haemolytic or anti-com- 
plementary at one time may become so on keeping. So for this set, 6 tubes 
are required—2 tubes for S.S., 2 for X.S. and 2 for X and labelled accord¬ 
ingly. Xow for these controls, a special rack, having 2 rows of holes 
arranged in such a manner that the tubes in the front row do not obstruct 
the view of those in the back row, is used. The front row having the tubes 
which will show the anti-complementary controls and the back row will show’ 
the hicmolytic controls (Fig. 275). Xow put 0*5 c.c. of the respective sera 
into respective tubes. Then add 05 c.c. of the diluted complement into each 
and shake thoroughly. 



Fig. 275. 

(ontrnl> for Wa^mnami miction. 

Xe\t incubate all the 4 racks for 1 hour. 

After 1 hour, all these 4 racks are taken out. 1 he dose of sheep s cells 
that will be required has already been determined in the first stage of the test. 
Xow add o-i5 c.c. of the diluted amboceptor (diluted in its working strength) 
into eac h of the tubes ol tin* three racks and only into the tubes of the front 
row of the control rack. So the control rack will receive amboceptor in the 
front row r only, i.e., the tubes which will indicate the anti-complementary 
control. Then put the determined dose of sheep’s cells, 0*5 c.c., into all 
the tubes of all the racks, shake thoroug 1 ' . :t in the incubator and watch 

constantly for tlu* result. 1 he results w* • ceorded when the hetmoKtic 
system in each set will show complete h 
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In the rack No. i, by the time the haemolytic system tube shows complete 
haemolysis, the S.S. should show no htemolysis, the N.S. complete 
haemolysis and the X should show the degree of haemolysis according to the? 
property of the serum i.e., if the serum is positive it will show no hamolysis 
and if it is negative there will be haemolysis. 

The control rack should next be examined. 

The front row should show complete haemolysis, because it contains com¬ 
plement, amboceptor and sheep’s cells. If none of the tubes show complete 
haemolysis, the serum is said to be anti-complementary, i.e., some factor is 
present in the serum which is destroying tin* complement and hence the serum 
in the racks No. i, 2 and 3 too will show no haemolysis and hence will indicate 
a false positive reaction. 

The tubes in the back row ought to show no haemolysis, because ambo¬ 
ceptor has not been added to any of them. If any tube shows luemolysis, 
then there is something in that serum which is causing the h;emolvsis, though 
it does not contain a hiemolvtic cvcle. The corresponding serum in racks 
No. 1, 2 and 3 will therefore show htemolysis which it should not do, record¬ 
ing a false result. Thus it is evident, how important these control tubes are 
as they are the only check against lalse positive or false negative results. 

Reading of the result: —Everything depends upon the degree of h.emo- 
Ivsis. The result of the unknown serum is compared with that of S.S. and 
N.S. and is expressed according to its degree of h;emol\sis on a “phis” sign 
basis. As three antigens for the same serum have been used, the reaction 
is recorded with each antigen and the mean result is taken. Suppose the 
serum X shows the reaction of 4 4 - 4 - with antigen No. I, 4 - 1 - with anti¬ 

gen No. II, and + with antigen No. Ill, then take the mean of tlie^c 3 results, 
i.e., 4 - 4 - or moderately positive. 

Method of taking the results: — 


4 - + 4 -.Strongly positive. 

4- 4 —.Moderately positive. 

4 -..Slightly positive. 

- - .Negative. 

±.Should be- taken as nega 


KAIIN’S FLOCCULATION TEST 

(For the serum diagnosis of syphilis) 

Principle of the test: —This depends on the fact that when the clear 
serum from a syphilitic patient is mixed with a syphilitic antigen or with the 
cholesterol! sed extract of an organ, a white precipitate or visible flocculi 
occur. Such a flocculation has been found to be specific as it does not take 
place in the case of a non-syphilitic serum. It is therefore utilised as a 
substitute for the Wassermann test in the serum diagnosis of syphilis. 

Although all the various flocculation tests, such as the Sachs-(ieorgi 
reaction, Sigma reaction, Kahn’s test, Meinicke’s test and Yernes’ test, 
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diptnd on the above ideas with minor individual modifications regarding the 
preparation of the lipoidal antigen, the Kahn’s test is the one which is 
extensively used both in Europe and America. It has been found, by com¬ 
paring a very large series ol eases with Wassermann’s test, that the results 
are thoroughly dependable and in some cases even better than in the latter. 

Advantages :— 

(i) I he tec hnique and equipments are very simple. 

(ii) The test is performed very rapidly. 

(iii) treated cases, the flocculation test may be definitely positive when 
the \\ assermann reaction is weak or negative, i.e., it is more sensitive. 

Standard equipments 

(1) Antigen suspension tubes, 5*5 x i j cm. (outside diameter), flat 
bottomed. 

(2) Test tubes , 75 x rz cm. (outside measurements). 

(3) Test tube racks —These are made of sheet copper, about 12 " long-, 
3" wide and 2V high. There are three rows of ten holes, about |" diameter, 
in eac h rac k. T he* row of holes situated in the centre is placed offset from 
the others. 

(4) Shaking apparatus —This is adjusted to a speed of 275 to 285 
osc illations per minute. 

(5) Standard pipettes — 

(a) for measuring the antigen— 

(i) i*5 or 10 c.c. graduated to 0*05 c.c. 

(ii) 0 25 c.c. graduated to 00125 c.c. 

(!)) For measuring serum—15 c.c. graduated to 0*05 c.c. or 
10 c.c'. graduated to o'oi c.c. 

(c) For measuring saline—10 c.c. graduated to 01 c.c. or 0*5 c.c. 

Other materials 

A XTIUEX: —This is a specially prepared cholesterolised alcoholic extract 
of powdered beef heart from which the ether soluble elements have been 
previously removed. 

Xote: —As it is rather a very difficult and complicated process to prepare, 
standardise and titrate the antigen, it is best for a beginner to buy it ready 
for use. Xow-a-davs, such prepared antigens are readily available in the 
market. 

SENIM TO BE TESTED: —The serum should be collected exactly in 
the same way as for the Wassermann test. It should be inactivated at 56 C. 
lor half an hour in a water bath. 

Precautions: —Serum should be tested within 48 hours. It should be 
absolutely clear and free from any turbidi: Although slightly htemolysed 

serum may be used, gross hsemolysis is a** uion to discard it. 

SALJXE: —o'9 per cent. 
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Technique (Standard method) 

Get all the equipments ready before preparing the antigen suspension, 
viz., racks set up, tubes numbered, serum heated and pipettes tor measuring 
the antigen suspension and serum ready. Sometimes, the graduations on the 
pipettes arc not well defined; in that case it is better to mark oil the desired 
measurements with a glass pencil. 

Preparation of the standard antigen suspension :—Dilute the stork 
antigen according to the correct tit re which should always be known, by 
pouring saline on to the antigen as quickly as possible and then back again 
for five or six times to ensure thorough mixing. For instance, it the titre 
of the stock antigen is i : ri, measure i'i c.c. of saline into a standard 
antigen suspension tube and i c.c. of stock antigen into another. Four the 
saline into the antigen and mix thoroughly as described above. Allow this 
antigen suspension to stand for ten minutes before use*. 1 he* suspension 
should not be used after thirty minutes’ standing. 

Shake well and distribute in quantities of 0*05, 0*025 and (>'0125 c.c. to 
each series of three tubes in the metal rac k. 

Add 0*15 c.c. of the serum to be tested to each of the* above antigen 
tubes and shake vigorously for about ten seconds (by hand) to ensure 
thorough mixing. Set aside for final three* minutes’ shaking till the* other 
tests have been done. 

Note :—The serum should be* added as soon as possible after the antigen 
suspension has been pipetted. 

Controls 

Antigen control :—When pipetting the* antigen suspension lor a series 
of tests, use the last set of three* tubes i.e*. 0*05, 0*025 an d <>‘0125 <’•<’. as the 
antigen controls, adding to ea* h tube* 0*15 r.e. saline* instead of se rum, ll 
the antigen suspension is all right, none* of these thre*e tubes should show any 
flocculation. 

Serum control :—Kach serum should be* carefully examined for am 
particles which might give the* appearance* »f a precipitate. It is essential 
therefore that the serum used in the* test is perfectly clear. In the* control, 
the dilution of the serum with saline may render visible* fine* particles which 
were invisible in the undiluted serum. For this purpose, dilute 01 c.c. 
serum with 0*5 c.c. saline, shake the* tube* for three* minutes and examine lor 
particles. If the latter are* present, the serum should be cleared bv 
centrifugalisation and retested. 

Positive and negative controls :--Always inc lude one* or more* sera which 
are known to give positive and negative reactions with, eac h series of tubes 
foi the* put pose of c hecking the* results and also for comparison. 

Shake the tubes for three minutes in the shaking apparatus. W hen the* 
latter is not available, shaking may be done by the hand, the* speed being 
approximated as nearly as possible to that of the* shaking apparatus. 



\m:xmx 


595 


Alter the shaking is completed, add . e.c. of saline into each tube of the 
'" st r,m ’ ron, ainin^ 005 e.c. antigen and 0 5 e.c. to the remaining 

tubes. Shake sufficiently to mix them well. 

Outline of the test 

1 2 3 

u ’°5 i A: - 0*025 e.c. 00125 c.c. 

01 5 e.c. o' 15 c.c. 0*15 c.c. 

Shake tubes for three minute?* before adding the saline. 

Saline ... ... ro c.c. 05 c.c. 0*5 c.c. 

Shake well and read the results. In reading the results, the tubes may 
be held in front of a shaded lamp so that they are illuminated brightly from 
behind without the glare of the lamp reaching the eves. If read by direct 
light, there should not be any strong light and all direct rays of the sun are 
to be avoided. A shaded northern window is very suitable. The tubes should 
be held against the light and their opacity noted. 

Types of reactions: —The reactions are read on a ‘plus sign basis. 

(a) 4 - * ■+ 4 reaction:—Definitely visible particles suspended in a 
transparent or opalescent medium. The individual particles are readily 
\ isible b\ direc t examination w ithout lifting the tubes from the rack. 

(b) 4 - « 4 - reaction:—The particles are definitely visible but less clear 
cut. They are not always distinguished until the tube is lifted from the rack 
and examined individually. 

(c) 4 reaction:—Finer particles suspended in a somewhat turbid 
medium and distinguished after a careful examination. 

(cl) 4 reac tion Particles are still finer. 

(e) reaction:—Particles are just within the r^pge of visibility. 

(f) — reaction:—Xo visible particles at all. 

In reading the results, Kahn gives the following interpretations— 


4 4 - 4 - 4 - | 



— Positive. 

t t ! 


+ ", 

— Doubtful. 

J 

Negative. 


Sometimes, in reading the results, it may happen that there is weak or 
negative reaction in some tube while p.» j< v.» and strong reactions in the 
others. In such eases, the final result ' ' be calculated on the average 

01 the number ol ‘plus' signs represent' •• the three tubes. 


Tube Xo. 

Antigen 

Scrum 
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DISINFECTANTS 

Substances which prevent the growth ol bacteria are called antiseptics 
whereas those which actually kill them are called germicides or disintec hints. 


Mode of action of disinfectants:— 

(i) By oxidising the protoplasm of the bacteria. 

(ii) By coagulating the bacterial protoplasm. 

(iii) Bv combining with the bacterial protoplasm. In this w a\ they act 
as poisons. 

Factors modifying the action of disinfectants :— 

(a) Concentration (strength) of the disiniectant—Stronger the solution 
used, better is the disinfectant action. 

(b) Medium in which it acts—Presence ot organic matter interferes 
with the germicidal action to a great extent. 

(c) Temperature—-The disiniectant action is more ellective at higher 
temperatures. 

(d) Time—Longer the time allowed, more effective is the geimicidal 
action. 

(e) Type of bacteria on which it acts—Disinfectant action is less effec¬ 
tive on spores and spore-bearing bacteria. In this way bacteria vary in their 
capacity of resisting the germicidal action of disinfectants. 

Examples of disinfectants :— 

1. Acids and alkalies. 

2. Oxidising agents, e.g., hydrogen peroxide, potassium permang¬ 
anate, etc. 

3. Reducing agents, c.g r ., sulphurous acid. 

4. Metallic salts. 

5. Halogen and their compounds, e.g., bleaching powder, iodine, 
chloroform, antil'ormin, etc. 

6. Coal tar derivatives, e.g., phenol, cresol, lysol, izal, cyllin, etc. 

7. Aniline dyes, e.g., crystal violet, brilliant green, flavine, etc. 

8. Formaldehyde. 

y. Alcohol and ether. 

10. Essential oils. 

11. Soaps. 

Note :—Blood when iresli is an excellent germicide. 

Standardisation of disinfectants: —There are various methods of 
testing' the power of a disiniectant but the two which are commonly employed 
are the Iiideal-Wulkcr and the C hick-Murlin methods. 
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the bideal-walker test 

By this method, the K ermiridal po\v«-r ol a disinfectant is compared with 
that ot phenol and is expressed as tin carbolic acid co-efficient. It should be 
noted that the test requires the finding ol the dilution of the unknown dis¬ 
infectant at \vhi<h it kills the test organisms in 7^ minutes and this is 
compared with the phenol dilution under the same standard conditions. The 
carbolic arid eo-ellieient is therefore obtained from the following ratio:_ 

I hr ihlulum „t the tii\iuj, ,-tant which kills E. typhi (H. typhosus) in 
7 • "ninth s. 

J hr Jiluttun nt phenol irhith hills K. tv phi ( li. typhosus) iu the same tifne. 

Materials required lor the test 

1. Standard carbolic arid solution ior control. Ihis is a 3% solution 
made from pure phenol crystal?, having a solidifying point of 4o°*5C. This 
should he standardised by titration with decinormal bromine. It keeps 
indefinitely m stoppered bottles. I* rum this solution, the various working 1 
strengths are made up by diluting it with sterile distilled water. 

2. Dilutions ot the disinfectant X in sterile distilled water. 

3. Twenty four hours’ broth culture of Eberthella typhi (B. typhosus) 
— tist culture. The organism should be subcultured every day for 7 days 
and before um* it should be shaken and kept aside for half an hour to allow 
the ( lumps to settle at the bottom. 

4. Standard nutrient broth which is poured in 5 x £ in. test tubes in 
amounts of 5 e.c. each. The ('(imposition of the broth is as follows:— 

«*xtrn(t »»f m*at ... ... ... 20 gms. 

IVptoiv- ... ... ... ... 20 ,, 

Salt (sodium chloride, (\I\l ... ... ... i<» .» 

Distilled water ... ... ... ... 1,000 ('.('.. 

Apparatus required:— 

1. .1 special lest lube rack —It contains two tiers, the upper one 
having holes for 20 test tubes of 5 x j in. sizes in two rows, each row con¬ 
taining 2 sets of five. 'Phis is meant for standard broth tubes (containing 
5 e.c. in each) which arc numbered 1 to 20 with a grease pencil. The lower 
tier contains 5 holes for larger sized test tubes which dip into a copper water 
bath beneath the rack. This is meant for medication tubes, 4 for the 
disinfectant X and 1 for the phenol. 

2. Inoculating needle —This consists of a platinum wire of about i| 
inches in length, one end of whic h is fixed to a glass rod and the other end is 
made into a loop of 4 mm. internal diameter. 

3. Sterile dropping pipette for men-.* out 0*5 c.c. of broth culture. 

4. Sterile pipettes and stoppered . ing cylinders for obtaining 

suitable dilutions of the disinfectant to -»cd. 

5. Sterile test tubes (large size). 
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Technique: —A suitable dilution, say 1 in 100, of standard phenol is 
made in sterile distilled water. Four dilutions of the disinfectant X to be 
tested arc also made. The dilutions suitable for an accurate test should be 
determined beforehand bv a rough test. Arrange the test tube rack with the 
tubes as shown in the Fig. 276. The temperature of the water bath is 
regulated at 15° to i8°C\ Five cubic centimetres of the 4 diluted disin¬ 
fectant and phenol solution are added to the* respective large test tubes. 
At intervals of half a minute, 05 e.c. ol the* broth culture of the test 
organism is added to each of the medication tubes in succession. When 
the fifth tube has been added to, the first one is exposed to the act ion of the 
disinfectant for 2 minutes. After waiting for another half a minute, a loopful 
of the mixture from the first tube is inoculated into the broth tube No. 1. 
At intervals of another 30 seconds, a loopful of the mixture from the second 
medication tube is inoculated into tube No. 2 and so on. In this wa\ the 
process is repeated at half minute intervals till all the broth tubes are 
inoculated. Thus 4 sets of broth tubes are inoculated at intervals of 2.J, 5, 
7A and 10 minutes. All the broth tubes are then incubated at 37' t’. for 
48 hours and examined for growth. The test is represented graphical!} as 
follows: —• 


5 c.c. of the disinfectant 
+ 0*5 c.c. of the test orga¬ 
nism. 


I) isi n j ecta nt Dibit i mis 


d ime of exposure in minutes and 

number of broth tubes inoculated. Incubated at 

37°C. for 4S 
hours. 


X 


1 in Son 


1 f 6 


1 1 


if) 


X 

1 m ijno 

2 + 

7 + 

1 2 

1 7 

X 

1 in nun) 

4 f 

<S { 

1 :> ; 

iS 

X 

1 in lino 


9 + 



J J hennl 

7 in 100 

5 + 

10 + 

15 

20 

Result 

in the broth tubej 

; is 

recorded by 

the 

'plus’ and ‘ minus’ basis 


i he sign -f and — indicating the growth or non-killing and absence of 
growth or killing of tin* organisms respectivelv. 

brom the above table it will be seen that phenol, i in too dilution, 
gives the same result as the disinfectant X in 1 in 900 dilution. The carbolic 

acid co-efficient of the disinfectant X is therefore 9 °° o. 

TOO 
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Absorption of agglutinins, 166 

of complement’s, 186 
Acid-fast organisms, 290 
slain, 21 

Acidnric bacP-ria, 470 
Acquired immunity, 115 

by non-spec ilic substances, 120-123 
Actinomyces, 200 
bovis, 200 
j^tawiuis, 2(.0 
mad urn\ 20S 

Actinomycosis, diagnosis of, 208 
l«'sions in, 205-207 
mod** of inft'dion in, 203 
Active immunity, 115 
Aedes 5< > r 

Aerobacter trnn^rurs, 466, 469 

titular, 400, 4(10 

Aerobes, facultative, 57 
obligatory, 50 
spore-b»*aring, 361 
African r*-lapsing fever, 546 
Agglutinating sera, preparation of, 1S0- 
1S1 

Agglutination, absorption method of, 166 
C’astellaili’s text of, lt»(> 
cross, ihh 

demonstration of, 171 
diagnostic purpose of, 170 
Dreyer’s method of, 172 
e fleet of, 1 (>5 

factors concerned in, 173 
flagellar, 107 

identification of organism by, 170 

macroscopic, 171 

materials inquired fur, 172 

microscopic, 171 

nature of, 165 

somatic, 107 

Uses of, 170 

zone phenomenon of, 165, 176 

Agglutinins, 115, 104 

colony variation in relation to, 170 

definition of, 104 

flagellar, iK> 

group, 100 

li and O, 168, 169 

heterologous, 100 

homologous, 1O5 

major, 165 


Agglutinins, minor, 166 
primary, 165 
properties of, 164 
recent researches in, 166 
secondary, 166 
somatic, 1O7 
varieties of, if>5 

Agglutinogen, 106 
Agglutinoid, 165 
Aggressins, 39, 103, 378, 402 
Alastrim, 555 
Alc&ligenes abortus, 479 
ficcalis, 467 
melitcnsis, 476 
Alexins, 114, 183 

Allergic reaction, pathology of, 195 
Allergy, 194-196 

relation of immunity to, 195 
Amboceptor , 136, 184 
Amphitrichate bacteria, 9 
Ampoules, 50, 148 
Amyloid changes, 218 
Anaerobes, facultative, 37 
obligatory, 37 
spore-bearing, 375-411 
biochemical reactions of, 378 
classification of, 375 
cultural characters of, 377 
definition of, 375 
habitat of, 376 
metabolism of, 378 
morphology of, 376 
pathogenicity of, 379 
resistance of, 378 
serological reaction of, 378 
staining reactions of, 377 
toxin production of, 378 
Anaerobic methods, 379-383 
Anaerobic streptococci t 241 
Anamn estic reaction, 168 
Anaphylactic shock, theories 
as to the causation of, 191-194 
Anaphylactin, 191 
Anaphylactogen, 189 
Anaphy latoxin, 19 x 
Anaphylaxis, 188-194 
a.:' . iSS 

u dion in, 191 

‘ iSS 

». -94 
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Anaphylaxis, local, 188, 194 
mechanism of, 189 
pathology of, 190 
sensitisation in, 190 
Anatoxin, 154, 155 
Angina, Ludwig’s, 231 
Vincent’s, 547 

Animals, as sources of infection, 98, 99 
autopsies of, 93 
inoculation of, 91, 02 

Antagonism, bacterial, 304 
Anthrax, clinical types of, 368 
cutaneous, 30S 
diagnosis of, 372-373 
antemortem, 372 
postmortem, 373 
disinfection in, 373 
in animal, 397 
in man, 398 
intestinal, 370 
pulmonary, 370 

therapeutic considerations of, 370-371 

Antianaphylaxis, 191 
Antibodies, genesis of, 136-138 
site of formation of, 140 
Antiformw method, 317-319 
Antigen, 105 
Antigenic mosaic, 165 
Antisera, 105 
Antitoxins, 155 
fate of, 15O 
preparation of, 157 
source of, 157 
uses of, 157 
Antivenin, 124 
Anti-virus, 118-119 
Anthrax, 371 

Besredka’s experiments of, 119 
mode of action of, 119 
preparation of, 119 
Staphylococcus, 221 
uses of, 119 

Apotoxin, 191 

Armstrong’s technique, 262 
Arnold’s steam steriliser, 45 
Arrangement of bacteria, 3-4 
Artificial immunity, methods 
of producing, 118 
Arthrospores, 5 
Arthus phenomenon, 194 
Ascoli’s thermo-precipitin reaction, 366, 
373 

Asiatic cholera, 519 
Atopy, 188 

Attenuation of virulence, 95 
Autoclave, 46 
description of, 46-47 
direction for using, 47 


Autoclave, principle of, 47 
Autogenous vaccines, 151 
Autopsy, on animals, 93 
Avenue of infection of bacteria, 102 
A Virulent variant, 96 
Azure II stain, 20 

B. 0 . G. vaccine, 95, 315 
Babes-Ernst granules, 5, 338 
Bacillary dysentery, 337-442 
intestine in, 337-439 
stool of, 440-442 
bacteriophage in, 444 
carriers of, 343 
chronic, 440 

laboratory diagnosis of, 437-448 
serum therapy, in, 433-444 
vaccines in, 443 

Bacille Calmette-Guerin, 315 
Bacilli, 2 

Bacillus aboitus, 379 
midi Liitiii, 31*3 
Ut idophilus, 370 
odontolvtii us, 371 
arm’s. 337 

(< unarm s < apsulatus. 4**5 
tethytke. 312 

ambi^uus of Audrfives, 335 
anthracis, 391-373 

animal imu illation in, 369 
hioihefim.d reaction ol, 3(13 
cultural ( harat tefs ol, 3O3 
difhremi.ition from pseudoanthrax 
bacilli. 373 
habitat of, 392 
morphology ol, 302 
pathogenicity of, 397 
resistance of, 393 


sen 1I1 igit 

al reunion of. 

staining 

reaction ol, 393 

toxin pn 

•duct ion of, 395 

virulence 

<* f . 3 ( »5 


anthruroides, 3(11 
bifid us, 371 
Bordet-Gengou, 389 
botulitius, 392 
brotii hiscplii us, 379 
iloanv, 312, 4(19 
coU communior, 312, 395, 39K 
communis, 35S 
diphtheria', 3^7 
duplex uon-liquefuciens, 493 
dysenterite, 334 

enteritidis ga rt tier, 412, 449, 454 
a porogenes, 405 
foralis ulkaligenes, 467 
jallax, 409 
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Bacillus ftisiformis, 547 
histolytifus, 410 
hofmanni , 337, 358 
influenza’, 4N6 
Klehs-Locfller, 337 
laetis icrogenes, 412, 466 
Ifpnr, 325 
mallei, 480 
mt'&ulherium, 361 
melilensis, 476 
mesenleri* us I'ul^atus, 361 
Mora\-\\enfeld, 403 

mor^att no. 1, 4411 
mth o\n\ t apsulatus, 472 
myi (tides, 3M 
»»#>:• vi. 4<>«) 

tedeniatis mali^tti, .407 
of Jolme’s disease, _m jo 
A’or//- irirh, 480, 403 
o:o-tite. 47^ 
parameliteusis, 47*1 
patalvphosus 1. 41.’ 

,, /*’. }i-’ 

41J 

pet frin^eti 4- *5 
pertussis, 4S0 
pesti.s, 501 
pneumotiin , 47J 
l’ries--\oiatd, 324, 337 
470 

ptoieus, 400 
psemlo-anthtaeis, 3m 
pseudo~t abet < ulusis murium, 324, 
324, 337 

tinientmm, 324, 500, 513 
Psit tai *>sis. 4 1 j 

PulliOum, 41 j 
/>voi van*-us. 475 
r /<«m 1 • s« 473 

spoto^enes, 410 
subhits. 3M 
suipeshfer, 412 
tetani, 38} 
tim*>fhy-^rass, j<)o 
tuberculosis, 200 
ttilarensis, 51 j 
typhosus, 412, 414 
violaeeus, 474 
tiv/i h ii , 403 
"whitmoti, 4S4 
.vcrosi.v, 337 

Bacteria, biology of, 36-41 
capsules of, 7 

nature of, S 

staining reaction of, 9, 26-28 
classification of, 2 
chromugenic products of, 41 


Bacteria, 
flagella of, 9 

chemical composition of, 10 
disposition of, 9 
nature of, 9 
purpose of, 10 

staining reactions of, 10, 30-31 
involution forms of, 10 

nn sophilic, 38 
mic ro-aemphilic, 37 
morphological study of, 2-13 
pyogenic, loo 
p'piuduc tion of, 11 
spores of, 5-7 
germination of, 7 
mode of formation of, 5 
purpose of, 6 

staining reactions of, 7, 29-30 
varieties of, 5 
staining reactions of, 14-34 
thermophilic, 38 

Bacteriaemia, 10 t, 

Bacterial flora of the body, normal, 564 
Bacterial poisons, 38-39 
Bacteriology of 
milk, 578 
water, 572 
Bacteriolysin, 183 
Bacteriophage, 125-128 
in bacillary dysentery, 444 
cholera, 522 

Escherichia cedi infect : on, 464 
typhoid fever, 425 

Bacteriotropins, 141, 242, 246, 255 
Bacterium coli, 458 
pneumosintes, 4S9 
typhosum, 414 
tula reuse, 512 
Bacteroides Intidus, 471 
Bail’s theory, 39, 90 
Bang, 479 

Basal media, preparation of, 53 
Behring’s venule, 177 
Benian’s Congo red method, 26 
Berkefeld filter, 49, 551 
Besredka, 118 
Bie’s stain, 25 
Bile medium, Conradi's, 69 
Biochemical reactions, study of, 87-89 
Bismuth iron agar, 68 
Blastomycetes, 1 
Blood-agar, 6r, 83 
boiled, 70 
peptic, 70 

with citrated blood, 61 
d< a urinated blood, 61 


BlOuv.«*.ii agar, 69 

Bio... 181 

Blo~~ .ied agar, 61 
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Boas-appler bacillus, 471 
Bordet-Durham reaction, 170, 177 
Bordet and Gengou’s medium, 71, 400 
Bordet and GengOU phenomenon, 186 
Borrelia, 530 
carteri, 545 

duttoni, 530, 534, 535, 546 
gallitiarum. 530, 535 
Hovvi. 545 

obermrieri, 530, 534, 535, 544 
vincruti, 530, 555, 547 

Bostroem, 200 

Botulism, laboratory diagnosis of, 396 
therapeutic consideration of, 595~366 

Botulism and Salmonella 
food poisoning, 395 
Bouillon media, 53 
Brilliant-green peptone water, bS-69 
Brom-cresol purple medium, 08 
Brownian movement, 10 
Brown’s opacity tubes, 146 
Bruce, 476 
Brucella, 476-479 
abortus, 479 
bro n chiseptic u s, 479 
melitensis, 470-479 
para-abortus, 479 
para-uirlitrusis, 479 
Bubonic plague, 500 
Buffered' glucose broth, 73 
Bulloch’s jar, 380 
Burnet’s intradermal test, 479 
Butter bacillus of IVtri-Rabinowitsch, 290 

Calmette’s ophthalmic reaction, 320 
theory, 302 

Canine distemper, 553 
Capillary pipette, 50 
Capsules of bacteria, 7-8 
staining of, y, 20-28 
Capsule formation, 
capacity for, 8 
purpose of, 8 

Capsulation and virulence, 96 
Carbol-fuchsin, 21 
Carbolic acid co-efficient, 597 

Carbuncle, 216 
Carriers, 101 

of bacillary dysentery, 443 
cerebrospinal fever, 279-280 
cholera, 522 
diphtheria, 350 

streptococcus hamolyticus, 232 
typhoid fever, 423 

Caseation, 305 
0astellani’s test, 166 
Cattle plague, 553 


Cell inclusions, 554 
Cell receptors, 134 
Cellulitis, 216 

facial, 218-220 
Ceratophyllus fasciatus, 509 
Cerebrospinal leptomeningitis, acute, 281 
cerebrospinal fluid in, 283-284 
laboratory diagnosis of, 285-287 
therapeutic considerations in, 284 

Cervical swab, 273 
Ohamberland filter, 49, 551 
Chancre, extragenital, 538 
genital, 538 
soft, 405 

Channels of infection, ion 
Charbon, 31.S 
Chemiotaxis, 132 
Chick-Martin test, 5*# 

Chicken cholera, 500, 526 
Chicken pox, 557 
Chlamydobacteria, 199 
Chlamydozoa, 554 
Cholera a«-iatica, 515 

bacteriophage in, 522 
hili-\ac tine in, 523 

him id changes 111, 522 
blood examination in, 525 
tarriejs ,,f t 522 

lahoiatorv diagnosis of, 524-526 

le-.it .ns in, 520-522 

nit.de t»f infection in, 51 <1 

in»sir;ts, 515. 527 

pei stala 1 jm opb\l.ixiv in, 52(1 

satiitai \ c oiisidei .itiors in, 525 

Cholera red reaction, ss. 517, 525 
Chromogenic bacteii.,, 474 
product >, 41 

Clostridium irn>tatiduni, 575 
bifrnurutaus. 575, 570 
botulinum, 575, 570, 592-5011, 411 

animal inoculation of, 505 
biochemical reactions of, 502 
cultui.il characteis of, 592 
habitat td, 592 
isolation oi, 59O 
morpboltig) til, 592 
pathogenic it \ of, 594 
serological lead ions of, 505 
staining 1 factions of, 392 
toxin production of, 595 
viability of, 393 
chauvwi, 575, 411 
coi hlrariuui, 391 
Juliax, 375, 379, 409, 411 
histolytii um, 375, 370, 410, 411 
novyi, 40c) 

a'dematiens, 375, 376, 409, 411 

putriftcuui, 391 

septique, 375, 376, 407, 411 
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Clostridium sphnwidrs, 375, 3,„ 
sporn^enes, 375, 37b, 410, 4,, 
tertium, 375, 391, 411 
tet&ni, 375, 37b, 377, 3K4-391, 411 
biochemical reactions of, 3X5 
cultural t haracters of, 3X5 
habitat of, 3X4 

morphological characters of, 3X4 
pathogenic ity of, 3X7 
portals of entry of, 3X7 
s*to1(ij>'m al variations ol, 3S5 
staining reactions of, 3X5 
to\in production of, 38b 
\ lability of, 3X5 
Irtatwworphuni, 375, 391 
ti ulihti, 405-407, 411 
Clot 1 ultima 440 

Coagulative necrosis, V4 
Cocci, 2 

Coley’s fluid, 17b 
Coli-typhoid group, 412-469 
Colloidal gold r* m, 542 
Collodion filters, 551 
Comma 5 id 

rtf'ri,>, 5111 
Commensals, 07 
Common cold, 400-499 
Comparator u.\, 54 
H.lli^, 50 
Complement, 1S5 

deviation of, 1X5 
fixation ol, 1 Sri 
n. 11 hi* of. 1S5 

Compound stain. 14, 31 
Concomitants in l»;uill.ir\ dw nt« ry, 442 
Condenser, duik giound, 531 
Congenital syphilis, 542 
Congo-red m-tlu.d, 20 
Conjunctivitis, aiul* infectious, 493 
angular, 404 
diphth* i it u , 349 

gonoi rhuxil, 270 

Conradi’s I»il»* medium, t»y 
Contact infection, 100 
Contagious disease, 201 
Convalescent serum. 124 
Cooked meat medium, 3X3 
Corynebacterium, 337 
41 * »n\\, 359, 31 m> 
diphtheria, 337-358 

animal inoculation with, 343 
biochemical reactions ol. 341 
cultural 1 liaractors of, 340 
habitat of, 338 
morphology of, 338 
pathogenicity of, 345 
resistance of, 342 
serological reactions of, 342 


Oorynebacteiium diphtheria, special stains 
fur mi tachromatic granules of, 24-26 
staining reactions of, 339 
toxin production of, 342 
varieties of, 341 
diphtheria' gravis, 341 
mitis, 341 
murium, 324, 3^7 
oris, 324. 337 

Cowpox, 557 
Credo’s method, 271 
Crisis in pneumonia, 255 
Cultural character-,, study of, 83 
Culture, incubation of, Xi 
making of, 75 
media, preparation of, 51 
Cysteine media, 3X3 
Cytase, 150 

Cytorrhyctes variola-, 55b 
Czaplewsky’s solution, 21 

Danysz phenomenon, 162 
Dark ground illumination, 531 
Debre phenomenon, 512 
Deer-fly fever, 513 
Defence of bacteria, 103 
Defences of th* body, 1 -106 
Deneke's vibrio, 515 
Dengue fever, 501 
Dermacentor venustus, 503 
Desensitisation, methods, of, 191 
d’Herelle, 125 
Detoxicated vaccine.-,, 151 
Deviation of complement, 285 
Dialister pmumosintes, 489 
Dick test, 233 

Dieudonnes blood-alkali agar, 69, 517, 

5-’4 

Differential stains. 14, n> 

Diphtheria, curriers of, 350 
labot au ry diagnosis of, 354”35^ 
larval, 350 

prophylaxis against, 353 
serum therapy in, 351-35 2 
Schick reaction in, 350-358 
Diphtheritic conjunctivitis, 349 
infection of wounds, 350 
\ ulvo-vaginitis, 549 
Diphtheroids, 358-360 
Diplobacillus, 4, 12 
Diplobacillus liquefaciens, 494 
Diplococcus, 3, n 
crass ua. 288, 289 
intracellular is meningitidis, 275 
mucosus, 288, 289 
Uixv.uinoni®, 242-262 

.lemical reactions of, 244 

...iv variations of, 244 
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Diplococcus pneumoniae, cultural charac¬ 
ters of, 243 
habitat of, 242 
isolation of, 257-258 
methods for determining the types 
of, 250-262 

morphological characters of, 242 
pathogenicity of, 249-255 
serological reactions of, 246 
staining reactions of, 243 
types of, 246-248 
Disinfectants, 506 
Dobell's method, 570 
Doderlein’s bacillus, 471 
Dorset's egg medium, 64, 340 
Dreyer's agglutination methods, 172 
pipette, 172 
racks, 172 
tubes, 172 

Ducrey’s bacillus of soft chancre, 404 
Dunham's peptone water, (><>, 517, 524 
Durham's tube, 72 
Dysentery, 430 

bacillary, acute, 437 
stool in, 440-442 
chronic, 440 
group of bacilli, 454 

animal inoculation with, 436 
biochemical reactions of, 455 
characters of, 434 
cultural characters of, 454 
isolation of, 446-447 
morphology and staining of, 434 
pathogenicity of, 436-442 
resistance, of, 435 
serological reactions of, 436 
toxin production of, 435 
varieties of, 434 

Eberth-Gaffky bacillus, 414 
Eberthella, 412 

dysenteriic, 434, 435, 445, 446 
dyscntcritc t Schmitz, 445, 446 
Sotnic, 446 

paradyscntcriic, 434, 436, 445, 446 

Eberthella typhi, 414 

animal inoculation with, 417 
biochemical reactions of, 415 
colony variation of, 415 
cultural characters of, 415 
habitat of, 414 
isolation of, 427-431 
morphology of, 414 
serological reactions of, 417 
staining reactions of, 414 
viability of, 416 
Ehrlich's phenomenon, 158 


Ehrlich'S rosindol reaction, 88 
side-chain theory, 134-138 
El Tor Vibrio, 515, 526 
Empyema, 254 
Encephalitis letbargicn, 560 
post-vaccinial, 557 
Endemic. 101 

Endo's medium, 67, 414, 415 
Endocarditis, gonococcal, 270 
meningococcal, 283 
pneumococcal, 254 
staphylococcal, 2 1 8 
streptococcal, 23(1, 23S 

Endospores, 5 
Endotoxins, 30, 153, 155 
Enterococcus, 230 
Epidemic, 101 

encephalitis, 5O0 
parotitis, 502 
poliomyelitis, 5(10 
sore throat, 232 

Epizootic, ioi 
Erysipelas, 231 
Escherichia </./</; 405 

coli, 458-405 

animal inoculation of, 450 
biochemical reactions of, 45S 
cultural characters of, ^58 
habitat of, .458 
morphology of, 458 
pathogenicity of, 450-463 
serological leactioiis of, 459 
staining reactions ol, 45S 
toxin production of, 459 
viability of, 458 
Escherichia coli infection, 

laboratory diagnosis of, 464-465 
therapeutic considerations of, 463-464 
Escherichia commtniior, 405 
Exotoxins, 38, 155, 154, 155 
Eyre’s method of adjusting reaction of 
media, 54 

Facultative aerobes, 37 
anaerobes, 37 

Faeces, 86 

tube, 427, 446 
Farcy, 482 
Felix's strain, 177 
Ferments, bacterial, 39 
Fermentation tests, 71 
Fild'es medium, 70, 487 
Filters, bacterial, 49, 551 
Filter-passing viruses, 2, 49 
Filtrable viruses, 551 
classification of diseases produced by, 
554 
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Filtrable viruses, definition of, 551 

examples of, 553 
general characters of, 553 
Finkler and Prior’s vibrio, 515, 527 
Fixation of complement, iKf) 

Flagella, bacterial, <1-10 
Flea-bitten kidney, 23X 
Fleas and plague, 50X 
Flexner, 434 

Flocculation test for syphilis, 557, 540 
Foamy liv» r, 94 
Focal sepsis, 237 

Fomites, 101 

Fontana’s method of staining spiro- 
that. s, 532 

Food poisoning l>\ anarobes, 394-595 
by salmonella, 454 
Foot and mouth disease, 502 
Fowl t\ piloid, 449 
Fractional sterilisation, 46 

Fraenkel, -’4 J 
Frambcesia trnpii.i, 543 
Friedlander’s b.u illus, 472 
Fungi, 1 

Fusiformis dent mm, 547 
Gaflkya tetm^enu, 221 

Gas bacillus, 40O 
Gas-gangrene, b.u t-i iolug\ of, 400 
1 linii. 11 pit lure of, 31)7 

l.iboiatoiv diagnosis (if, 404-4**5 
mg.mUms of, 405-411 
p.ithogi-nesis t*f, 402-405 
prophylaxis in, 404 
thernpeutii considerations in 403 
Gelatin medium, Oo 
General paralws of insane, 
malaria therapy in, 5313 
Ghon’s hot lies, 302 
Giemsa’s stain, 33 
Glanders, bacillus, 480 

laboratory diagnosis of, 4S3 
mallein test in, 4S4 
pathology of, 482 
Globoid bodies, 554 
Globulin test, 542 
Glucose agar, 75 
Glycerine agar, 65 
broth, (15, 293 
egg medium, 65 
potato medium, 05, 294 
Gonococcal infection and its relation to 
pregnancy and conception, 270-271 

Gonococcus, 2(>3 

Gonorrhoea, laboratory diagnosis of, 
271-274 

therapeutic consideration in, 271 
Gram-negative bacteria, 19-21 
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Gram-positive bacteria, 19-20 
Gram's iodine solution, 16 
Gram's stain, 16-21 

Gram-Weigert method of staining of 
bacterh in tissues, 568 
Guarnieri’s bodies, 554, 556 

Gumma, 539 

H agglutinin and agglutinogen 166-169 

Haemagglutinins, 1X1 * 

Haemolysis, 1X7 

Haemolytic activity of Streptococci, 224-226 
Haemophilus, 4X6 
cotijum tivitidis, 493 
ducreyii, 494 
influenza- 4X6-489 
lacunatus, 493 
pertussis, 4X9-493 

Haflkine’s vaccines in cholera, 523 
plagu*-, 510 
Hansen’s bacillus 325 
Haptenes, 24X 
Haptophore, 135, 136, 154 
Hay bacillus, 361 
Heat, sterilisation by, 43 
Herpes fVbrilis, 557 
zoster, 558 

Hide-porter’s disease, 368 
Higher bacteria, 2 

Hiss’s method for staining capsules, 27 
si-rum water medium, 72, 87 
Histamine hypothesis of anaphylaxis, 193 
Hot-air ov*n, 43 
Hydatid disease, 195 
Hydrocele fluid agar, 62 
Hydrophobia, 558 
Hypersensitiveness, 188-196 
Hyphomycetes, 1 

Identification of organisms by pathogeni¬ 
city tests, 94 

Idiosyncrasy, 196 
Illumination, dark-ground, 531 
Immune bodies, 183 
Immunity, too 
active, 115. 124 
non-specific, 120-122 
acquired, 115 
definition of, 109 
local, 118 

methods of production of, 109 
natural, 110 
Passive, 123-124 
.1, 110 

s, 110 

Dgens, 152 
aococcus, 257 
contagiosa, 230 
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Inclusion bodies, 554 
Incubation of cultures, 81 
Incubator, 81 
Index, opsonic, 142-145 
Indian ink method of Burri, 27 
Indicator media, 85 
Indol production, 73 
Infantile paralysis, 560 
Infection, 1*7-101 
Influenza, 488 
diagnosis of, 480 

therapeutic considerations in, 389 
Inoculations of animals, 91-92 
of media, 76-81 

Insects, diseases spread by, 100 

Inspissator, serum, 48 
Intermittent sterilisation, 36 
Internal structure of bacteria, 4 
Intracellular granules, 5 
Intra-vitam staining, 34 
Involution forms of bacteria, 10 
Iso-haem&gglutinin, 1H1 

Jahnel’s method of staining spiroch.it* 
57 ° 

Jaundice, infectious, 547 
tenner, Kdward, 117 
Jensen’s modification of Gram's stain, 17 
Johne’s bacillus, 324 

Johnin, 324 

K&hn’s flocculation test, 182, 592 
Kipp’s apparatus, 382 

Kitasato, 501 

Klebs-loeffler bacillus, 337 
Klebsiella, 472 

granuloniatis, 474 
ozucmc, 474 
pneumonia', 472-473 
rhino-scleromatis, 473 
Koch, Robert, 291 
Koch-Week’s bacillus , 486 
Koch’s comma bacillus, 516 
postulates, (*7 
steam-steriliser, 45 
Koser’s medium, 74, 89 
test, 87, 458, 465 

L+ dose of a toxin, 158 
Iaf dose of a toxin, 159 
Lo dose of a toxin, 158 
Lr dose of a toxin, 159 
Lactic acid bacilli, 470 
Lactobacillus, 470-472 
acidophilus, 470 
boas-oppleri, 221, 471 
bulgaricus, 471 
odontolyticus, 471 


Lactose fermenters, 413 
Lactose-litmus agar, 68 
Laennec, 290 
Lead acetate agar, 74 
Leishman’s stain 31 
Leonine facies, 328 
Lepra anaesthetic a, 330 
Lepra cells, 325, 329, 332 
Leprolin test, 335 

Leprosy and dermal l.-islimanoid, 335 
pulmoiian tuben ulosis, 335 
syphilis, 335 

Leprosy, 

Course nf, 33I 

diagnosis of, 332-334 

lesions in, i lassifu at ion of, 332 

nodular, 328 

rat, 33b 

reactionary phase t( f, 331 

Leptospira 1* tno-hu mmtha^iu , 547 
hclnlomadis, 550 

Leucoblastic o.ution, 132 
Leucocidin, 103, 214, 227 
Leukins, 11 \ 

Levaditi’s m* tbod of staining spin*had* s, 

Lewis’s histamim- h\pt.tin-sis, m3 

Lister, 113 
Litmus milk. 73 
Loeffler, 337 

Loeffler’s .dk.din* m»tb\l*n« blu*-, 339 
s.-rum ni'dium, 03, 340 

Louse, 545 

Ludwig's angina, 231 

Luetin r»-a«ti*.n, i<»5, 5p», 542 

Lupus vulgaris, 300 

Lustig’s anti-plague serum, 510 

Lysin, a. 114 

Lysin, /?. 114 

Lysozyme, 111 

MacConkey’s medium, 66 
Macrophages, 130 
Madura foot, 210 
Maintenance of st.-rility. 50 
Malignant pustule, 399 

diagnosis of, 372 

Mallein, 481 

test, 484 

Malta fever, 477 

laboratory diagnosis of, 478 
therapeutic consideration of, 478 
Mann’S method of .staining, 571 
Mannite-fermenting djvnti-ry bacilli, 434 
Mantoux test, 320 
McIntosh and Fildes’ anaerobic jar, 
381-382 
Measles, 561 
German, 56a 
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Media, 

for biochemical reaction 71-74 
for ('irrynebacterium diphtheria’, 63-64 
for rnli-typhoid group of organisms, 
0(>-(>K 

for Eherthelta typhi, 68-69 
for II trnwphilus influenza', 70 
for ,, pertussis, 71 

for M yco-hat terium tuberculosis, 65-66 
for Vibrio comma, 69-70 
special, for Cocci, 60-63 
Mediterranean forr, 477 
Medium 

for Kovr’s tost, 74 
fur methyl-red tost, 73 
for uric ar'nl tost, 74 
for Voj»os-IVoskau«T tost, 73 
Melioidosis, 4S4 
Meningism, 421 
Meningitis, Anthrax, 370 
influon/a!, 4NS 
m**ningn(»»ci al, jSi 
pnoumoc occ al, 253 
posterior liasir, jSj 
loc oct al, 21S 
^treptocon al, 230 

Ullx-rt lllntls, 51 J 

Meningococcus, 275 
Metachromatic gt .mules, 5 
“f.tin, 10 

Metchnikofl, Hie-. 129 
MetchnikofTs ih»«»r\ <>f phagocytosis, 130 
\ ihriu, 515 

Methyl-red tost, s*, 

Micro-aerophilic bacteria. 37 
Micrococcus . atarrhalis, 2SS 

flams. 2S8 
i;<morr/or<«-, 263 
Ivsodeikticus, m, 221 
pharvu^is Mutt, 288 
nr etc, 221 

Micron, 2 
Microphages, 1 ;< > 

Mikulicz's coll. 474 
Milk, h.»C to| inltigY of, 57S 
Milli-micron, 553 

Holler’s mot hud of staining spores, 29 
timotln-gi ans bacillus, 200 

Morax-Azenleld’s bacillus, 493 
Motility in bacteria, 10 
Mumps, 562 
Mycelial threads, 202 
Mycetoma, 200 
Mycobacteria, 290 
Mycobacterium avium, 324 
butyricum, 290 

lepra, 3 * 5-335 
animal inoculation in, 326 


Mycobacterium lepra, 

cultivation of, 325 

distinction from M. tuberculosis, 326 
habitat of, 325 
morphology of, 325 
pathogenicity of, 327-332 
son (logical reactions of, 326 
staining characters of, 325 
toxin production of, 326 
lepra- murium, 290, 336 
para-tuberculosis, 324 
phhri, 290 
piscium, 324 
sme^matis, 23, 290, 322 
tuberculosis, 290-323 

animal inoculation in, 297-298 
cultural characters of, 293 
habitat of, 291 
morphology of, 292 
pathogenicity of, 298-311 
son (logical reactions of, 297 
Maining reactions of, 292 
toxin production of, 295 
viability of, 294 
tuberculosis bovis, 322-323 
horn inis, 32 ' 

Natural immunity, no-115 
Negative phase, 144 
Negri bodies, 554, 550, 571 
Neisser’s stain, 24 
Neisser-Wechsberg phenomenon, 185 
Neisseria 

catarrhahs, 288, 289 
tl Ill’ll, 2 88 , 289 
gonorrhoea, 2(13-274 

animal inoculation in, 2 65 
biochemical reactions of, 264 
cultivation of, 264 
habitat of. 263 
morphology of, 263 
pathogenicity of, 266-271 
sen (logical reactions of, 265 
staining reactions of, 263 
toxin production of, 265 
viability of, 205 
meningitidis, 275-287 

animal inoculation ol, 278 
biochemical reactions of, 277 
cultural characters of, 276 
habitat of, 275 
morphology of, 275 
pathogenicity of, 279-283 
sei u logical reactions of, 278 
ag reactions of, 276 
production of, 278 
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Neisseria meningitidis, varieties of, 278 
viability of, 277 
virulence of, 277 

N. meningitidis and N. gonorrhtvcc, 279 
N. sicca, 288 
Neurotropic viruses, 555 
Nitroso-indol method, 88 
Noguchi’s medium, 3So, 383 
Nucleus of bacteria, 4 
Nutrient agar, 58, 83 
broth, 53 
gelatin, bo 

0 agglutinin & agglutinogen, 107-109 
0 titre, estimation of, 177 
p agglutinin & agglutinogen, 170 
Obermeier, 544 
Ohara’s disease, 513 
Ophthalmia neonatorum, 270 
Ophthalmic test in glanders, 484 
Ophthalmo-reaction of Calmette, 320 
Opportunists, <>7 
Opsonic index, 142 
Opsonins, 114, 134, t 4 1 
Orchitis, streptocm < al, 235 
Oriental plague, organism of, 501 
Osteomyelitis, 217 
Otitis media, 251 
Omithodorus moubnta, 54b 

Pandemic, 101 

Pappenheimer s method, 51*8 
Para-cholera vibrios, 520 
Paraffin embedding, s<>7 
Parrot fever, 5O2 
Paschen corpuscles, 554 
Passive anaphylaxis, 194 
immunity, 123 

Pasteur-Ohamberland filter, 49 
Pasteur, Louis, 117 
Pasteurella, 500-514 
aviseptica, 500 
hoviscptica, 500 
lepiseptica, 500 
oviseptica , 500 
pestis, 501-512 

.animal inoculation of, 504 
biochemical reactions of, 503 
cultural characters of, 502 
morphology of, 501 
pathogenicity of, 504-509 
serological reactions of, 504 
staining reactions of, 501-502 
toxins of, 503 
viability of, 503 
virulence of, 503 
pseudotuberculosis , 513 
septica, 514 
suiseptica, 500 


Pasteurella tularensis, 512 
Pathogenicity tests, 90-94 
Pathogens, <>7 
Paul’s test, 55b 
Pediculus corporis, 545 
Peptic ulcer, 237 
Pernicious malarja, 457 
Pertussis \active. 491 
Petri dish, 78 
Petrofl's medium, <>5, 293 

method, 319 

Pfeiffer's reaction, 187, 525 

Pfeiflerella, 480 

mallei, 480-484 
lohitiiH'ri , 484-485 

Phagocytic ieiu, 150 
Phagocytosis, 105, 150 

intlueme of opsonins in, 154 
phenomenon of, 131 

theoi \ of, Meti hnihotl’s, 150-151 

Phylacogens, .52 
Pirquet’s ost, \..n, *.*o 
Pitfield's method o| staining flagella 
(modified h\ Muir), 51 
Plague, bubonic, 50b 

!.d»oratoi\ diagnosis of, 511-512 

pivunii nil, 500 

relation of tats and fleas to, 507 
- pi a a mi. , 507 

th* ripeunc considerations in, 510 

transmission of, 507 

Plakins, 11 \ 

Platinum loop, 7b 
Pleuro-pneumonia oi 1 at tie, 553 
Pneumobacillus, 472 
Pneumococcus, 242 
Pneumonia, lobar, 251 
Pneumonic plague, 506 
Polar staining, 15 
Polio-myelitis, epidemic, 560 
Ponder's stain, 25 
Pour-plate method, 79 
Positive phas*■, i.^ 

Post mortem waits, 300 
Post-vaccinial « iu. phalitis, 557 
Potato bacillus, 3b i 
Precipitins, 1S1 ^ 

Primary ailed, 302 
Prosodemic, 101 
Prostatic massage, 272 
threads, 274 

Protein shock tIwrapy, 122 
Proteolytic anaerobe's, 375 
Proteus vulgaris, 46b 
A 19, 4 () 7 

Pseudo-anthrax bacilli, 373 
Pseudomonas teruginosa , 475 

Pseudo-tuberculosis, 324 
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Psittacosis, 562 

Ptomaine poisoning, 454 

Puerperal infiTtloll l>y Streptococci, 234 

Pugh's si;iin, 24 

Pulex irrihtns, 509 

PUS, nlu'\ 47 ", 

examination of, 199 
laudable, 132 

Pustule, malignant, 3^9 

Pyaemia, 107 
Pyelitis, 453, 4fn 
Pyelephlebitis, 4^0 
Pyocyanase, 304. 473 
Pyocyanin, 173 
Pyogenic bail* tin, 199 

Quarter *-\il, 37b 

Quellung phenomenon of N* ufeld, 202 

Quinsy, 232 

R colony, 1 ;•», 415 


Rabbit - \ 

phi if 

Rabies, 33N-30. 

diagiii tsi 

s Ml. 

»»• K' 

idi* s 

1 11 «.jih\ k 

1 \is t 


Racial innmmit\, 1 10 
Ramon’s tlmi ul.ition i• >t, 159 

j,*t moIiN**,l toxins, 133 

Rat-bite imr 32s 
Rat leprosy, 330 
Rats, viis.s. h aiisjnitte.l l*y, 09 
plague .tinI. 507 
Rattus 10, 30S 

Ml//Ifs. 3 o<| 

Ray fungus, 2 *0 
Reaction, .Wok's. 373 
I>unl» t >1 Hit ham, 170, 177 
(. *hol« 1 a-i »’il, NS, 317, 525 
Kilt-lull's rosintid], NS 
Khan's, 537, 340, 341 
M> mil K*', 537, 540 
Metil\l-,..l, Si t 

ot media, adjustment of, 54 
l'kithl's, 1S7, 323 
l\i ic lo nhe! gh, 330 
.S.ichs-t ieorgi, 337, 540 
Sihii U, 330-33S 
Si hult/-( harlton, 233 
Si^ina, 337. 340 
Straus, 4S2, 4N3 
Voges-lYoskaiirr, St) 
Wasscrmann, 337, 340, 541, 585 
Weil-l'Ylix, 407, 3113 
Widal, 170 
Receptors, 134 

of first order, 133 
ot second ord' i, 135 
ol third order, 136 


Reickenbergh reaction, 550 
Relapsing fever, African, 546 
diagnosis of, 546 
European, 544 
Indian, 545 

mode of infection of, 545 
organisms of, 544 
Reproduction of bacteria, 11 
Reticulo-endothelial system and its r 61 e in 
immunity, 138-140 
Revaccination in smallpox, 556 
Rhinoscleroma, 473 
Rice-water stool, 319 
Richard Muir’s method of 
staining capsules, 27 
Rickettsia bodies, 563 
pnmazi’ki, 363 
quintumi, 5*13 
rickcttsiiv, 303 

Rideal-Walker test, 597 

Rindeipest, 333 

Risus sardonic us, 3X7 

Robertson’s looked meat medium, 383 

Rocky mountain spotted fever, 5^3 

Romanowsky >tain>, 31 

Root bacillus, 301 

Rosindol reaction, 88 

Rubella, 502 

Rubeola, 3<>i 

Saccharolytic ana- n-bes, 375 
Sachs-Oeorgi t- st, 337, 340 
Salmonella group of bacteria, 449— 457 
Salmonella urityckc, 440, *50 
cntcrituli*, 440, 450 
^allinuntm , 440 
hit m litcldi , 440, 430 
mor^uni, 440, 450 
puid-typhi, 440, 450 
psittacosis, 449, 430 
pullot MU , 449 
hottmuHcri, 449, 430 
suipcstitci , 449, 430 
typhi murium, 449, 430 
Salmonella fevers, 432 

laboratory diagnosis of, 456 

Salmonella gastro-enteritis, 434 

laboratory diagnosis of, 457 

Salmonella infections in animals, 452 
in man, 432 
Sandfly fever, 501 
Sapraemia, 107, 379 
Saprophytes, 97 
Saprospira, 529 
Sarcina, 12 

Sarcina vcntriculi, 221 

S-.. growth, 487 

S A *:ver, active immunisation in, 240 
-=> of, S 33 
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Scarlet lever, Dick tost in, 233 
passive immunisation in, 240 
Schultz-Charltun reaction in, 233 

Sch&udinn, 536 

Schick reaction, 35*>-358 
principle of, 35(1 
technique of, 357 
value of, 357 

Schultz-Oharlton reaction, 233 
Sclavo’s serum, 371 
Screw-capped sterilised bottles, 52 
Sedimentation test of blood, 321, 334 
Seitz filter, 40, 551 
Selective media, S4 
for Ebert hell a typlii, <»# 

Selective localisation of bacteria, 107 
Semple’s rabies vaccine, 550 

Sensitisation, n>o 
Sensitised vaccines, 151 
Sensitising dose, iS<> 

Septicaemia, 107 

Sera, antibacterial, lot), 124 
antitoxic, n*t>, 124 
Sero-vaccine, 151 
Serratia maroMvns, 3S2, 47^> 

Serum agar, ru 
Serum inspissator, 4 -s 
Serum sickness, n»t» 

Serum therapy in, anthrax, 371 
bacillary dysentery, 443 
botulism, 305 
cerebrosj)inal fever, 2S4 
diphtheria, 351 
gas gangrene, 403 
measles, 5(12 
poliomyelitis, 5(10 
plague, 510 
pneumonia, 256 
scarlet fever, 240 
staphylococcal infections, 220 
streptococcal infections, 240 
tetanus, 3K0 
Seven-day fever, 550 
Shake cultures, 53 
Shiga, 434 

Shwartzman’s phenomenon, 416 
Side chain theory, Khrlich’s, 134 
Sigma reaction, 537, 540 
Slide agglutination, 171 
Smallpox, 555-557 
diagnosis of, 55O 
methods of prophylaxis of, 556 
Smith-Noguchi’s medium, 5^3 
Soft chancre, 4<>5 

Somatic agglutinogen and agglutinin, 167 
Sour milk and intestinal flora, 471 
Species immunity, no 
Spirilla, 2, 21 


Spirillum minus, 528 
Spirochffita nun sits muris, 528 
pallida, 53O 

Spirochaetes, 530 
I Spironema, 530 

| Splenic fever, 307 

* Sporadic, 101 

Spores of bacteria. 5-7 
staining of, 20 
Spreader, 7S 
Sputum, so 

Stab cultures, 77 

Stain, avid-fast, 21 

Hies -5 

(oinpound, 31 

(iutstein and Wiss* 1 \, 26 
tii'-nisa's, 33 
tiram’s, 10 
Jeflll'M 's, 3^ 

L'-islun.m's, ;i 
N« iss.-r’s, 24 
Ponder's, 2^ 

I’ugb's, 24 

l\v iiuaiii <\\ sky \, 31 

Wright’s, 31 

\mh Slab* nb* rgh’s. 25 

Staining of i.ijmiI. n .*r.-2.s 

flag* lla, 30 

m* t.u ht v iinatu gi.muhs, 24-2!) 

spi »r* s, 2«i 

Staining reactions **f bau.ua, 14-34 
Stalactite gt«»\wh <*l I'astetitella pe.\ti\, 

3 ' '2 

Staphylococcal infections in th* tropics, 

220 

V.t th* n-spirati »i y traits, 21S 
serum tleiapy in, 220 
\attin* th'iapy in, 220 

Staphylococci, 212-221 

animal inundation in, 215 
as snondary im.nl*is, 220 
b : . a h*-mil a I r* at timis ,»f, 213 
t l.issifu .iti«ui v 1 f, 214 
1 lilt ural 1 hai .11 t» rs of, 212 
tat ia 1 tellulitis in, 21S 
habitat of, 212 
morphology of, 212 
pathogena itv uf, 215-2211 
resistant e ol, 2 I \ 

.serologic al ploperties tif, 214 
staining reactions of, 212 

varieties ,,f, .», 

virulence of, 213 
StapkylOOOCCUS antivirus, 221 
cptdermidis, 214 
pyogenes, 214 

Steam at high pressure, 47 
steriliser, 45 
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Stegomyifc fasciata, 561 
Sterilisation, 42 

by chemicals, 49 
drying, 43 
filtration, 49 
li.-at, 43 

Stock cultures, Up ping of, 82 
Stock vaccines, 151 

Stormy fermentation, 40f> 

Straus's reaction of glanders, 482, 483 
Strawberry gallbladder, 238 
Street vims, 55s 

Streptococcal infe(tjnn«*, ‘.'•ruin therapy 
in, 240 

\n<<in«- therapy in, 240 
Streptococcal meningitis, 23(1 
septiiami.i and pya-mia, 23b 
Streptococci, 222-241 
Streptococci, anaerobic, 241 
.1nim.1l in>*< ulation of, 229 
bio« h* mil al i.\h turns id, 224 

i 1 ikkiln j t ion 1 .f, » '“ 

inltura! 1 bat alters of, 223 

habitat of, 222 

ha in**ls t it ,u t>\ >t\ «<f, 224 

moipbolug\ of, 222 

path'-g* fm it) of, 229 

s* 3**1 t; \ ■ m» thods I or isolation of, 223 

serolgii.il fe.u’tions of, 227 

staining f.ntiofis of, 223 

t.i\ln pi 1 >du< :a-n «»!, 226 

\ .ability ot, 22»> 

\ if ub fu < ol, 22f' 

Streptococcus . twipdahs, 227 

;*« < *j/l s , 22S 

j).»tbog* nil it\ of, 239 
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